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1 . Introduction

1.1. Purpose

This report' describes the findings of the Algorithm Analysis Subtask

group working on the U.S. Army Intelligence Center and School (USAICS) Software

Analysis and Management System task (USAMS) regarding geographic transformation

algorithms used in four of the intelligence-gathering systems under USAICS

cognizance. In this report a set of parameters is developed to characterize

and catalogue intelligence system algorithms in four specific systems. Indivi-

dual algorithms are analyzed to determine whether they are performing their

functions properly. Algorithms that perform the same function in different

systems are compared to determine which ones are best according to various

criteria.

The algorithms examined in this report are taken from the MAGIIC,

Guardrail, Trailblazer, and BETA systems. They were chosen from the approxima-

tely 41 deployed intelligence systems for which USAICS is Combat Developer

because their documentation was quickly accessible and because they represented

a range of algorithm applications. Geographic transformation (mapping) algo-

rithms were chosen for this report since all four systems contain position

location/description functions and many of their algorithms are unclassified.
\ -

1.2. Background

Each of the about 41 intelligence systems under USAICS cognizance

employs several types of algorithms to carry out its gathering and processing

of intelligence data. Two important types of these algorithms, geographic

transformation and correlation, have been chosen for analysis during this year.

The former translates grid zone locations, for example, from latitude-longitude

to Universal Transverse Mercator (UTM), while the latter resolves many indivi-

dual sitings into militarily recognizable targets based chiefly on standard

statistical procedures. It is important to develop a set of parameters to

characterize these algorithms so that how they should be catalogued can be

'Two additional reports will be submitted in FY82: a correlation analy-

sis report and a report on possible algorithm analysis methodologies.



determined. When these activities are completed, it becomes possible to com-

pare algorithms that perform the same function in different systems.

To begin this process, the JPL Algorithm Analysis Sub-task group has

examined the geographic transformation algorithms for four of the 41 systems,

namely The Mobile Army Ground Imagery Interpretation Center (MAGIIC), Guard-

rail, Trailblazer, and Battlefield Exploitation and Target Acquisition (BETA).

These four systems chosen for more detailed study represent several intelli-

gence data analysis functions. MAGIIC is a ground-based analysis system to

assist in interpreting hard-copy images from different airborne surveillance

systems, including a capability for computerized mensuration on imagery; it can

also receive and analyze data from Tactical Electronic Intelligence (TEREC)

collection systems and provide emitter location estimates. Guardrail uses

airborne sensor platforms to collect data on Direction Finding (DF) emitters;

extensive ground-based software is then used to estimate the location of the

units, such as command posts, associated with these emitters. Trailblazer also

uses DF data to estimate emitter location. Its sensor platforms are essential-

ly fixed and ground-based. BETA is a Test Bed program for correlating data

received from several types of sensor systems and making target nominations.

Both automatic correlation and aggregation techniques and interactive graphics

are used in the operator's analysis. These systems would generally be

employed at Division or Corps level or at an Air Force Tactical Air Control

Element (TACE) or Allied Tactical Air Force (ATAF); target nominations and

tactical situation reports would be available to commanders and their staffs

from Brigade through Echelons Above Corps (EAC).

USAICS has cognizance of a large number of algorithms integral to
intelligence-gathering systems in various stages of development and deployment.

The state of "deployment" of algorithms in the USAICS inventory ranges from

that of products of research contracts not yet implemented in any system to

those in fielded systems such as Trailblazer or Guardrail. In the latter

systems tho algorithms are documented in design documents (narrative English

and equations), and/or in machine readable design language, and in code. Often

not all of these forms of documentation are available for any one system. For

reserch algorithms not yet implemented actual code, or even detailed flow

charts, may not be available; thus analysis must rely solely on mathematical

descriptions.

-2-



"Algorithm" means any set of rules for carrying out a single concep-

tual operation on a set of data, such as transforming latitude-longitude co-

ordinates to UTH or determining a position from a number of direction measure-

ments taken at known points. Algorithms are often hierarchical, lower-level

algorithms often being used to describe higher-level algorithms and thereby

illuminating their underlying logical structure. Thus, results from one algo-

rithm may be data for another. USAICS is interested in algorithms performing

intelligence data processing functions central to their systems' mission and

those performing crucial support functions, such as geographic location, common

to a number of systems. Data management or mathematical function algorithms,

although vital to the efficient functioning of the systems, are not being

treated in these first algorithm analyses.

1.3. User Benefits

These analyses can benefit users in several ways. First, a catalog of

existing algorithms will help USAICS avoid having algorithms redeveloped for

new systems from first principles. Second, analysis of individual algorithms

may, in a few cases, identify deficiencies worth correcting on the next system

revision. Third, and most important, the comparison of algorithms performing

the same function in different systems can lead to identifying guidelines for

developing and/or selecting algorithms to include in new and revised systems.

Selected algorithms from the systems studied will begin to form a library of

intelligence algorithms with associated computer subroutines that will be

analogous to the Collected Algorithms of the Association for Computing Mach-

inery (ACM). The creation of such a library is in the spirit of Ada + , the

Department of Defense language for embedded systems, and Ada's environment.

'These conceptual models should be describable, although their tech-

nical implementation is often significantly more complicated to present.

+Ada is a trademark of the Department of Defense
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2. naalyzng the Alorithui

2.1. Early Steps

Since the Location and Movement Analysis System (LAMAS) system docu-

mentation was available first, our early analysis efforts were directed to that

system. A preliminary analysis of a Shortest Path Algorithm was done anra

modeled in Pascal as an approach to standardizing representations. This algo-

rithm was a variant of Dijkstra's Shortest Path Algorithm.

Later the sponsor decided that our first emphasis should be on the

coordinate conversion algorithms of the MAGIIC, Guardrail, Trailblazer and BETA

systems. Three approaches to this analysis were tried and evaluated. The

MAGIIC system has been hierarchically analyzed for the interrelationship of the
algorithms. The spheroid models of the Earth's oblateness have been examined

for all the systems. The grid zone generation algorithms have been compared

across all four systems.

2.2. Learning Military Mapping

To analyze the first type of algorithm required learning the military

grid system. This discussion identifies the various map projections and mili-

tary grid reference systems examined and how they are interrelated. The scope

of this discussion is limited to only those map projections and grid reference

systems pertinent to the MAGIIC, BETA, Guardrail, and Trailblazer systems.

The map projections discussed are the Transverse Mercator, Polar

Stereographic, Lambert Conformal Conic, and the Gnomonic. The grid reference

systems used are the Universal Transverse Mercator (UTM), Universal Polar

Stereographic (UPS), and Military Grid Reference System (MGR). The selection

of a map projection is based on the properties it preserves in the transforma-

tion from a three-dimensional spheroid to a two-dimensional plane. These

properties include orthogonality of latitude and longitude, equal area repre-

sentation, distortion of shape, minimal change in scale factor in either east-

west or north-south directions, and representation of great circles by straight

lines. Since all map projections are from a spheroid model of the Earth, the

parameters that the spheroid model use are very important. Various spheroid

models are used for different portions of the Earth.

-'4-



The selection of a grid reference system depends on the portion of the

Earth examined and the resolution desired. The UTM and UPS coordinate systems

were adopted as standards by the military .o minimize coordination problems due

to the proliferation of locally-used grid reference systems. These coordinate

systems are most suitable for the representation of large geographic areas

(greater than 90 in latitude and longitude). The MGR system provides greater

resolution when representing smaller geographic areas (within 100,000-meter by

100,000-meter squares). The MGR system can be overlaid on the UTM and UPS

coordinate systems to eliminate ambiguity due to repetitions of the 100,000-

meter square identifiers. The geographic reference system is simply given as a

longitude-latitude pair. However, this reference system of zones is cumbersome

for representing locations in good resolution. Also, there is an inconsistency

in the form of the coordinates: some applications use decimal degree notation

while others use clock-like representations.

The UTM grid reference system is valid for all longitudes over lati-

tudes between 840 North and 800 South. This area is divided into rectangles of

60 in longitude (zones) by 80 in latitude (bands), except for the 120 band from

720 to 840 latitude. There are 60 zorss numbered from 1 through 60 for the

zones from -1800 to +1800 longitude. There are 22 bands lettered C through X

for the bands from -80 to 840 latitude. There are some subtle !rregularities

in this pattern beyond 560 latitude between 00 and 450 in longitude (see Figure

2-1). The UTM grid reference system is based on the Modified Transverse Merca-

tor projection, but can be mathematically transformed for use with other types

of projections.

The UPS grid reference system is valid for the North Polar (8 °40

longitude to the pole) and the South Polar regions (-800 longitude to the

pole). These regions have a grid zone number of zero and consist only of a

grid zone letter that is longitude-dependent. The North Polar region grid zone

letters are Y (Western hemisphere) and Z (Eastern Hemisphere). The South Polar

regions are A and B. The UPS grid reference system is based on the Polar

Stereographic projection (see Figure 2-2).

The MGR grid reference system, illustrated for the UPS system in

Figure 2-2 and for the UTM system in Figure 2-3, provides finer resolution than

the UTM or UPS grid reference systems. It identifies 100,000-meter by 100,000-



meter squares by two letters, an Easting letter and a Northing letter. These

letters are sequenced so as to provide at least 180 separation between simi-

larily-lettered squares (within a given spheroid model area - otherwise the

separation is 9o). These littering sequences are biased and restarted at the

boundaries of the underlying spheroid models.

These MGR system letter designations may be used without reference to

the UTM or UPS designations when there is no likelihood of ambiguity, otherwise

the UTM or UPS designation is included. Positions within these squares can be

interpolated in tens of meters and are referred to as Easting and Northing

terms representing distances rather than degrees.

The Transverse Mercator projection transforms the Earth's spheroid

onto a cylinder secant to the Earth and perpendicular to its axis. This

projection is used at latitudes within 840 North and 800 South. Scale

linearity is correct at the two meridians cut by the cylinder (60 apart) and

quite accurate in the band formed by them. Because of the vertical linearity

this projection is particularily suitable to areas of interest in the North-

South direction. This projection lends itself well to being overlaid with a

rectangular grid reference system (such as the MGR system).

The Polar Stereographic projection transforms the Earth's spheroid

onto a plane tangential to the Earth (at the pole, in our applications). This

projection is used at latitudes beyond 840 North and from 800 South. Scale

linearity decreases and equal area exaggeration increases as the distance from

the pole increases. Latitude-longitude orthogonality is preserved at the

meridian crossings. All circles of latitude are concentric, centered at the

pole. Thus, this projection is useful for plotting radio waves and air naviga-
tion with a compass.

The Lambert Conformal Conic projection transforms the Earth's spheroid

onto a cone parallel to the Earth's axis and secant to the earth at two lati-

tudes referred to as the standard latitudes. The East-West scale linearity is
correct at the two standard latitudes and is relatively accurate in the band

between these latitudes. The projection preserves direction and shape quite

well within and near the standard latitudes. Hence, the Lambert, Conformal

Conic Projection is best suited to East-West measurements and is useful for air

navigation. Also, all meridians are straight and intersect at the pole. This

i -6-



projection is most applicable to the mid-latitude region where the cone is

secant to the Earth.

The Gnomonic projection transforms the Earth's spheroid onto a plane

tangent to the Earth's at the point of interest. This projection is valid over

all latitudes and longitudes. It has the quality of representing all great

circle arcs on the projection as straight lines. Since electromagnetic waves

travel the shortest distance route (great circle arc), the Gnomonic projection

is ideally suited for the presentation of direction-finding lines of bearing.

2.3. Representing Algorithms in Standard Form

To compare algorithms across systems, all algorithms analyzed must be

translated into a standard format. Algorithms in the systems analyzed had been

coded in such diverse languages as assembly and structured FORTRAN so that

translation into a common Higher-Order Language (HOL) became essential to

searching for common and diverse features. Publication ALGOL was seen as an

attractive candidate because it has been used in the collected algorithms of

the ACM for algorithm description. However, audiences outside the Applied

Mathematics, Numerical Analysis, and Computer Sciences communities are general-

ly unfamiliar with ALGOL; and compilers for ALGOL 60 or ALGOL 68 are not

readily available in this country.

Pascal, an ALGOL-like language, has been chosen for the primary repre-

sentation language for the algorithms because it has many of the properties of

ALGOL (structure, strong typing, etc.), it has become familiar to a wide aud-

ience, and high quality compilers are available on many computers including the

Digital Equipment Corp. VAX and many microcomputers with CPM operating systems.

The last point is important because the VAX will be used by both USAICS and

JPL, and the microcomputers are similar to the word processors and personal

computers at JPL and USAICS. Among the features of Pascal that contribute to

its clarity are the command structures, such as "if-then-else" and "case", and

the user-defined data types. However, separate compilations of procedures to

support hierarchical descriptions of algorithms are an implementation-dependent

extension rather than a basic feature of the language. Because of this and

other problems Pascal provides at best an interim solution to the algorithm

description problem.
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Ada offers a long-term solution. The Ada language avoids many of the

shortcomings of Pascal and has many additional features. A stronger reason for

Using Ada is that the Army is likely to require all new systems initiated after

1984 to be programmed in it. While no complete compiler for Ada is currently

available, there is an interpreter on the project VAX computer, although it is

very slow. A compiler for an incomplete implementation available on Z80-based

microcomputers with CPM operating systems is also available. Although this

compiler is not completely satisfactory because of the lack of user-defined

types, it is still useful for some simple examples and for comparison with

Pascal.

1 -8-
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3. Charaoterizing and Cataloging the Algorithm

The set of properties stored for algorithms in the database should

characterize an algorithm for military application purposes without requiring

that the algorithm itself be retrieved and examined. The algorithm property

selection is influenced by the following ways the database will be used. The

user may wish a general summary of what algorithms are in the database. A more

likely use is to look for algorithms that perform a specified function, such as

position location. In another dimension, the user may ask "What algorithms do

we have in MAGIIC?". Cataloging properties should be independent for efficien-

cy of description. Two of the properties chosen, performance and robustness,

are not totally independent. Requirements performance is interpreted here as,

"does the algorithm do what it says it does?". Lack of robustness is inter-

preted here as failure for special value or failure because of small errors in

input data. Range checking of input variables is an important contributor to

robustness. This is particularly important if the algorithm is to be used for

more than one system where the calling programs can not be expected to protect

it.

The Algorithm Level Help File; (Figure 3-1) taken from the Acquisition

and Database Entry Prompting Tool (ADEPT) User's Guide, is examined and inter-

preted as a means for describing the present classification scheme. This

information is provided for each system in which an algorithm is implemented.

This set of parameters is likely to change as more experience is gained with

its use.

Examples of PSA reports are shown in Appendix 7.1.

-12-



Fig. 3-1: AlOrithm Level Help File

NAME is a name description of the algorithms function.

SYNONYM is the algorithms abbreviation (the same as its VAX file

element name).

SOURCE:AUTHOR is the document from which the algorithm was taken and

author, if known.

PROCESSING is what JPL has done with the algorithm, e.g. Pascal pro-

gram tested.

MATH:FIELD is what mathematical field the algorithm is based on, e.g.
least squares.

ROBUSTNESS is a measure of sensitivity to values of variables input to

the algorithm, e.g. a transformation algorithm may produce

an incorrect result with inputs of + 1800 longitude.

TREE:LEVEL is a rough indication of location of the algorithm in the

hierarchy of algorithms in a system.

REQUIREMENTS/PERFORMANCE Since the requirements documents for parti-

cular algorithms are generally not available, requirements

must be derived from design documents or comments in code.

This item describes how well the algorithm meets these

requirements.

REFERENCE is a pointer to the VAX file containing the representation

of the algorithm in standard form: Pascal and in some cases

Ada. (These are given in Appendix 7.3).

-13-



-. lewltI in HAGIIC

The MAGIIC System Lambert Constant Generation algorithm was analyzed

and modeled in Pascal. This algorithm is required for analyzing and modeling

the Geographic to Lambert/Polar Grid and Lambert/Polar Grid to Geographic

conversions.

The MAGIIC system coordinate conversions were studied, and two inter-

related algorithms were analyzed and modeled in Pascal. These were the Polar

Grid to UPS and Northing and Easting to UTM conversions. Several inconsisten-

cies have been noted (perhaps only because of the technical writing). Modeling

these interrelated algorithms in Pascal led to the decision to use a non-

standard Pascal feature - the VAX Pascal external procedure capability. This

was considered necessary to best maintain structural integrity, accuracy and

clarity in the algorithm representation.

4.1. KAGIIC Lambert Constant Generation Algorithm

The MAGIIC Lambert Constant Generation Algorithm, described in docu-

ment CG108100A, dated 23 October 1978, paragraph 3.2.119, page 210, has insuf-

ficient input parameters and a lack of detail on setting the hemisphere flags

to implement the algorithm in Pascal without making several assumptions. If we

assume the availability of the underlying spheroid parameters, the Lambert

Constant Generation Algorithm performs satisfactorily. The hemisphere flag

issue remains unsettled: are they north-south hemispheres, east-west hemi-

spheres, or both? - all three selections make sense in different contexts.

This algorithm has been modeled in Pascal on the VAX computer for

uniformity of presentation and for comparison and analysis. All assumptions

are included in comments in this Pascal representation (see Appendix 7.3).

4.2. An Interrelated Set of MAGIIC Coordinate Conversion Algorithms

There are a set of four interrelated coordinate conversion algorithms

for HAGIIC that warrant a consolidated discussion because although they are

pair-wise reciprocal and criss-cross "call" each other, their input and output

parameters are specified inconsistently. These algorithms viewed as reciprocal

pairs are:

-14-



1. Polar Grid to UPS (paragraph 3.2.118) reciprocal

2. UPS to Polar Grid (paragraph 3.2.117) reciprocal

3. Northing and Easting to UTM (paragraph 3.2.86) reciprocal

4. UTh to Northing and Easting (paragraph 3.2.85) reciprocal

They can also be viewed as "criss-cross" calling algorithms as

follows:

1. Polar Grid to UPS (paragraph 3.2.118) each calls the

other

2. Northing and Easting to U7M (paragraph 3.2.86) each calls the

other

3. UPS to Polar Grid (paragraph 3.2.117) each calls the

other

4. UTM to Northing and Easting (paragraph 3.2.85) each calls the

other

Analysis of these algorithms and their interrelationships has revealed

the following inconsistencies:

1. the Polar Grid to UPS algorithm should have an output list con-

sistent with the UPS to Polar Grid algorithms input list since

they are reciprocal functions. The lists are not consistent;

2. the Northing and Easting to UTM algorithm and the UTM to Northing

and Easting algorithm, similarily, have inconsistent output and

input lists;

3. in both of the above cases the same problems are true when the

algorithms are used in the "criss-cross call" sense.

These points will be discussed in greater detail below in the indepen-

dent analysis of the four algorithms.

-15-
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4.3. HAGIIC Polar Grid to Universal Polar Sterographic Algorithm

The MAGIIC Polar Grid to Universal Polar Sterographic (UPS) Algorithm,

described in document CG1O8100A, dated 23 October 1978, paragraph 3.2.118, page

209, fails to produce the correct output data.

This algorithm first determines if the UPS or UTM grid reference

system is applicable based on the input grid zone designation. The algorithm

that handles the UTM conversion is discussed as part of the Northing and

Easting to Universal Transverse Mercator conversion algorithm (paragraph 3.2.86
of the previously referenced document).

In an attempt to render this algorithm amenable to analysis and model-

ing in Pascal several assumptions have been made (based on our interpretation
of the composite of various inferences from paragraph 3.2.86, .87, .117, .118).

These assumptions are:

1. The input/output lists consist of decimal and integer numbers, and

alphabetic letters. There are no wholesale conversions of the

input/output lists from and to ASCII representation,

2. The input/output lists are exchanged with the Northing and Easting

to UTM algorithm for processing, when the input grid zone letter

is from C thrugh X (not in either polar region). Otherwise, this

algorithm performs the processing (for the polar regions).

The following discussion only treats the UPS coverage area where a
conversion from PS to UPS should be made. This conversion is handled within

the Polar Grid to Universal Polar Sterographic conversion algorithm (paragraph

3.2.118). This algorithm is defective in producing disallowed 100,000 meter

squares letter pairs.

The North Polar Area (1 8 0 N) and South Polar Area (> 800 S) are

referenced using the UPS grid zone reference system with the grid zone number

set to zero followed by one of the grid zone letters A, B, Y, or Z. Letter

pairs represent the 100,000-meter squares which overlay the grid zone designa-

tions. It is in the lettering of these squares that this algorithm fails.

-16-



The descriptions of how to obtain the Easting letter LE from the index

IE and the Northing letter LN fron the index IN are merely statements that the

functions should be performed without any details. Perhaps an elaborated

description of the details of these functions would lead to satisfactory con-

versions, if these details were furnished.

4.4. MAGIIC Northing and Easting to Universal Transverse Mercator Algorithm

The MAGIIC Northing and Easting to Universal Transverse Mercator (UTM)

Alorithm as described in document CG18100A, dated 23 October 1978, paragraph

3.2.86, page 156, appears to produce the correct output data on the UTM map

segment available for reference. It will certainly fall in grid zones 31V,

32X, 34Z, and 36X and should be further evaluated.

This algorithm first determines, whether the UTM or UPS grid reference

system is applicable based on the iput grid zone designation. The algorithm

that handles the UPS conversion is discussed as part of the Polar Grid to

Universal Polar Sterographic conversion algorithm (paragraph 3.2.118 of the

previously referenced document).

In an attempt to render the algorithm amenable to analysis and to

model in Pascal several assumptions have been made (based on our interpretation

of the composite of various inferences from paragraph 3.2.86, .87, .117, .118).

These assumptions are:

1. The input lists consist of decimal and integer numbers and alpha-

betic letters. There is no wholesale conversion of the in ut

list to ASCII representation. The output lists are entirely in

ASCII representation.

2. The input/output lists are exchanged with the Polar Grid to UPS
algorithm for processing, when the input grid zone letter is not

from C through X (for the polar regions). Otherwise, this algo-

rithm performs the processing (for the non-polar regions).

Only the conversion to the UTM coverage area, that is, the actual

conversion handled within this Northing and Easting to Universal Transverse

Mercator conversion algorithm (paragraph 3.2.86), is discussed here. This
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a.Lgoritklu is defective in producing grid zone designation 31V, which should be
truncated at 30 3, and the three non-existent grid zone designations 32X, 34X,

and 36Z.



5. Comparing the A13gorith.. Across Systems

5.1. Spheroid Models

Because the Earth is not a perfect sphere, it is modeled as a sphe-

roid. Since this underlying spheroid model of the Earth's oblatness spans most

of the coordinate conversion algorithms, the use of various spheroid models was

investigated for all four systems. It was found that twelve different spheroid

models were used among or in the four systems raising the possibility of

inconsistencies that may hamper inter-system communication. Of these spheroid

models five were used in common by all four systems. The remaining seven

spheroid models were not available in all systems, as illustrated in Table 1.

Some of these partially-shared spheroid models may be equivalent, but this

cannot be determined until the code is available for all four systems.

5.2. Grid Zone Generation

The Grid Zone Generation algorithms were analyzed for the MAGIIC,

Guardrail, Trailblazer, and BETA systems. The Guardrail Grid Zone algorithm
text description is consistent with the Trailblazer text description and com-

puter code. The MAGIIC text description differs from the Guardrail and Trail-

blazer descriptions and would tend to produce less efficient runtime code, but

would economize memory. All three of these systems' algorithms would produce

the same flawed results, except BETA which fails badly at the upper latitudes.

These three versions of the Grid Zone Generation algorithm have been modeled in

Pascal.

The BETA Grid Zone Generation algorithm handles details of grid zone

generation more completely. The grid zone number calculations handle input

longitude beyond -1800 and at 1800 and beyond whereas the three other systems

would fail. The grid zone letter calculations handle the special conditions of

grid zone truncation for grid description 31V and the non-existence of grid

designations 32X, 34X, and 36L

Pascal implementations of these algorithms are given in Appendix 7.3.

The underlying assumptions are given in the comments included in the code.
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5.3. MAGIIC Grid Zone Generation Algorithm

The MAGIIC Grid Zone Generation Algorithm as described in document

CG108100A, dated 23 October 1978, paragraph 3.2.90, page 167 has been analyzed

and found to handle the following five areas incorrectly:

1. the upper limit of longitude (1800 E),

2. the latitudes 2 800 N (considerably below the upper limit, 840 N),

where it provides erroneous data,

3. the truncated grid zone 31V,

4. the non-existent grid zones 32X, 34X, and 36X,

5. the regions beyond the stated longitude and latitude limits, where

it fails catastrophically.

In general, perhaps due to technical writing, there are many errors of

omission and/or commission where the criteria for certain algorithm parts are

left unstated; for example, a text states, "If the latitude is 840 north or

greater, or 800 south or greater, the grid zone number (sic) shall be set to Y

or Z or to A or B, respectively. The grid zone number shall be set to zero."

5.4. Guardrail Grid Zone Generation Algorithm

The Guardrail Grid Zone Generation Algorithm as described in document

ESL-TM928, dated 15 Septemer 1979, paragraph 16.6.2.1, page 16-192 fails in

five areas:

1. at longitudes equal to and beyond 1800 E and beyond 1800 W.

2. at latitudes equal to and beyond 800 N and beyond 800 S,

3. at the truncated grid zone 31V,

4. at the non-existent grid zones 32X, 34X, and 36X,
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5. beyond the stated longitude and latitude limits, where it fails

catastrophicaly.

5.5. Trailblazer Grid Zone Generation Algorithm

The Trailblazer Grid Zone Generation Algorithm is described in the

well-commented ROLM assembly language listings. This algorithm, extracted from

the code for the GP2UM subprogram dated 20 February 1981, fails in five areas:

1. at longitudes equal to and beyond 1800 E and beyond 1800 N,

2. at latitudes equal to and beyond 800 N and beyond 800 A,

3. at the truncated grid zone 31V,

4. at the non-existent grid zones 32X, 34X, and 36X,

5. beyond the stated longitude and latitude limits.

Because the hierarchical program structure is not yet available for Trail-

blazer, it is possible that some or all of these problems are handled adequate-

ly in higher levels of the program structure.

5.6. BETA Grid Zone Generation Algorithm

The BETA Grid Zone Generation Algorithm, described i. dr) ument SS22-

43, Appendix IV, page II-474 for the ADSONU subprogram, and page II-45D for the

ADSCCM subprogram, was in Structured FORTRAN with in-line coding. The

"INCLUDE" subprogram ZDBPRO was missing so some "reasonable" assumptions were

made about it.

This algorithm performs as specified and effectively handles the

following:

1. Grid zone wrap-around (longitudes >1800 W or 2 1800 E),

2. North and South Polar Regions (latitudes > 840 N or > 800 S),
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3. Truncating grid zone 31V,

~4. The non-existent grid zones 32X, 3J4X, and 36X.
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Table 5-1: Inconsistent Spheroid Uaage

(X spheroid model used in the system)

Spheroid Model System Teghnical, Manual

BETA MAGIIC OR TB TM2J41-1

Clark 1866 X x x X X

International X x x x x

Clark 1880 x x X X x

Everest x x K X K

Bessel X X X K x

Australian X X K x

Walbeck X

Fisher X x

Krasovsky X X

World Geodetic I X

Airy x

Malayan x

Reference 1 2 3 4

1. DD26112, dtd 20 Feb 81, pg 263

2. CG1808100A, dtd 23 Oct 78, pg 168

3. ESL-TM929, dtd 15 Sep 79, Pg 15-158

'4. TM32-581 1-022-10-0
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6. Discussion and Conclusions

6.1. Documentation of Algorithms

Only a design document has been available for the MAGIIC system; and

the code has not been available, as shown in Figure 6-1. Therefore, some of

the apparent deficiencies in the algorithms may be due to poor technical writ-

ing and may not exist in the code itself. For the Guardrail system, tapes

containing code have been available, but the printouts obtained to date have

been largely unreadable so that suppositions made from the documentation could

not be confirmed from the code. In the case of Trailblazer, code is available,

but the structured overview expected from documentation is not available.

6.2. Similarity of Functions Across Systems

The functions performed by the geographic transformation algorithms

are found to be basically the same across the four systems examined, although

the functions are implemented in slightly different ways.

6.3. Incompleteness of Algorithms for Global Applications

The MAGIIC, Guardrail, and Trailblazer transformation algorithms do
not account for all the vagaries of the military grid system. Only the BETA

algorithms account for all regions and boundaries. The former systems may

ensure that "bad" arguments are never passed to these algorithms, so that no

anomalies would occur in overall system performance. However, to develop a

library of algorithms shared by many systems requires that algorithms internal-

ly protect themselves from "bad" input data.

6.4. Robustness of Algorithms

All systems but BETA fail to check for limits of latitude and longi-

tude. This may arise from a common tendency to focus attention on certain

areas of the world, e.g. Western Europe. This tendency is especially inappro-

priate when developing software that may well outlive any given political or

geographical constraints.

-24-



6.5. Seleotion/Consolidation of Algorithms

The BETA grid zone generation algorithm is superior to those in the

other three systems. Selection of a spheroid model for the library is not

possible on the basis of the presently available data and may eventually re-

quire developing algorithms based on our experience with many different

systems.
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Fig. 6-1: Doeumntation of Algoritbm

kn a Co Documentation Code Available s

MAGIIC Yes No Bad technical writing:

(Barely usable) Errors of omission and

bad-quality copy. Por-

tions of some pages un-

readable. TEREC task

similar to Guardrail.

Guardrail Yes No Multiple Tasks:

Good Glimpses of code Program structure

appear to be "implied" by document's

structured FORTRAN; structure. Flowcharts

most sections are with verbal descrip-

missing tion. At least one

significant technique

covered by math desc-

ription only, entirely

included in one box at

the flowchart level.

Trailblazer No Yes Well commented code.

Not separately assembly Many similarities to

published, but Guardrail.

basic documenta-

tion included at

the beginning of

each code segment

BETA Yes Yes Program structure

Good Comprehensive explicitely included

Structured in documents. Some

FORTRAN "key' charts not read-

able due to photo

reductions. Code is

in-line commented from

Program Design Language

(PDL), but we don't

have the PDL
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7.APP.Mioe
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7.1. Database Entries and Products (PSL/PSA)

The three attached PSA Reports were found to be useful to our analy-

sis. The first report is essentially the PSA Report representing our PSL input

data descriptions. The second is the PSA Data Activity Interaction Matrix. It

shows the interrelationships between the algorithms and their input (R) and

output (D) data items. The third is part of the PSA Structure Chart and is in

indented hierarchy chart for the algorithms in our PSL database.
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7.2.* Algorithm Hierarchy Charts
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Structure Report

2 7 ;i _ ; ... -.. ..... ........-- --
26 MG-NE:MA: 'jk - - - -

25, HOPRIFTEiE -
24 MGRMSTARGLOC -

23 1GF'RECPTFIE .- . - - -
22 MG-NAVCORN ----- - -

21 NGLAMBERTCG -

20 GAPITZN -- -

19 NGLORANCNV ----------------- - -
18 NGIICOORDCNU - -I

17 M6_RNINYTL ------------ . .- I
16 NS-1INYTL ------------- I

15 NB-PG2UPS ----- ,-
14 M.ME2UTM - I I I I I

13 M..UTM2NE --------------------
12 MGFRANSRCH -- /-------- -I I 1

11 NGNE28P -- I I I I I I

10 N-GRDZONECNV ---------------- / I I I I
9 N..P2L/PG ------------------- I I I I II II

8 fGlO)P2NE -------------------------- / I I 1 1 1 : I I
7 NGIAPCUR2HE -. ..----------------- / I 1 1I I

6 NGmIIFLMITZN- ----------------- I I I I I I I I I i

5 NO.BUILDSKTCH- ---------------- I I I I I I I I I I I I I
4 MG0 ENSPHERE- ----------------- / I I I I I I I II II III

3 MGIITARGLOC ----------------- / I I I I I I I I I I I I I I
2 IG6.UILDCD ----------------------- / I I I I I I IIII I i I I

1 MGAlortthms ---------------- I I I I I I I I II

------------------------------------------------------------------------------ -
MGAlorithms ---------------- I A Al I A I A A A A A Al A
MGBUILDCD ------------------- I B I
MGIITARGLOC ----------------- I
MG-GENSPHERE ----------------- II
MG.BUILDSKTCH ------------------ B R 1 I I

4----------------------------+------------------------- ---
MG.IIFLMITZN ----------------- II
MGMAPCUR2NE ----------------- I I B RI B I
MGGP2NE I--------------------- 1 I I I 1
MGGP2L/PG -------------------
MGmSRDZONECNV ---------------- II

+--------+------------+-------------------------------------------- 4
M NE20P - --------------------- I
MGOFRANSRCH ------------------ I
MGUTM2NE --------- ----------- I 9 1 I B B I
nGNE2UTM -------------------- I BI
MG-P82UPS . ------- ----------- I B I

---------- --------- ----------------------- --- 4---
MO.-1INVTL ------------------- B II i
MGRNSINVTL ------------------ I i
MGmIICOORDCN ---------------- I B I B B ;

MGLORANCNV -------------------- -- I I
MG- APITZN ---------------------- I

*---------------------------------------------------------------
MO.LANMERTCO ----------------- I I I I
MG-NACORN- ..-------------------- B 1 B B I I

BO-PRECPTFLE --------- R- BR--

NG-R STARSLOC ---------------- I IMG-PRIPTDET ------------------ B 9 1 B B s I a 9 S

MO-ME2NAPCUR +-------------+--

MG-PROXSRCH .......------------------ 3 B I B 1I
-O-STEROH T ..... . ---------- +- -1 - 1 + 4

------------------------------------ ,- - --.-------- ....... ... .....-------------------4- ,



Version AS.2RO
SENANTIC-NAP-TEST

Utilizes Matrix

27 MGNE MAFC .r ................-

26 i0G.RMSTARZLC ---- --

.5 MOGLAFBERTCO - /
24 MGPS2UPS -... .--- ----

23 HIONE2UTM ------------------- - 1
22 M6_RMSINUTL -------------------

21 MG-I INVTL --------------- ---

20 i4 _UTM2NE -------------------- /-
IT NG-GP2L/PG ------------------------- I

18 MGORDZONECNV -------------------- / i I
17 M8-NE2GP ------------------------------- i

16 MG-_P2NE -------------------------- /1111 I, ,

15 l GMAPCUR2NE . . ..-----------------/ i i II;;
14 MGIIFLNITZN --------------------- / I I I I I I

13 MGGENSPHERE --------------------- I I I I I I
12 MGIITRGLOC --------------------- /111 /Ill

11 0G-STEROHGHT ----------------- I I I I I I I

10 1GPROXSRCH -------- i-i- -
9 MGPRIPTDET -------------------- / I I I I I I I I I I

S IGPRECPTFLE --------------------- l / I I I I I I I I
7 NS.NAVCORN ----------------------- / I III ; ; II .II

6I I I I I I I I I I I I

5 GLORANCNV - ------------------ / I I I
4 MG-IICOORDCNV ---------------- / I I I I I I I I I I I I I I I I i

3 MGFRASRCH - ------------------ / Ii; i I
2 MG-BUILDSKTCH ------------------- / I I I I I

1NOBUILDCD ------------------- I I I Ilt : ;
till1 11 1 1 1 111 I lll l

------------------------------------------------+------------------------------------+----------------------------
I NO-Alorlth ----------------- S S S S S S S S SI S ) '
2 M5.BUILDCD -------- ----------- I I I u
3 NGITARGLOC .----------------- -I I U I I
4 M8.BUILDSKTCH - ---------------- I I I u u
5 O.RAPCUR2NE ----------------- I I IU U U I i

+---------------------------------+----------------------------
6 M1O.P2NE --------------------- I I I U I u u I
7 MS-NE20P ..--------------------- i I
S MSFRARSRCH ---------------------- I I I uzuu I
9 ML.UTN2NE -------------------- I I u I u I u I

10 NG.NE2UTM •--------------------I I 1 I u I
------------------- --- -- - --------------4---------------------'--
11MG-P2UPS ------------------- -- I I U
12 MO-111NTL ------------------- I I u u i I
13 HO.ICOORDCNV ---------------- I I I u u uI u I
14 N6-LORANCN- ------------------ I I u I I
15 MHJAPITZN ------------------- I I I I UI

+------------------------------------------------------------
16 MoNAVCORN ------------------- I I U U Ui UI U u I
17 ML.PRECPTFLE ----------------- I I I I I U
18N N PRIPTDET ---------------------- I I U UI Ul U U UI I Ut
19 MG-ME2MAPCUR ----------------- I I U U U I I
20 M0.PROXSRCH ------------------ I UlI U UiI I

+----------- 4-------------------------------------------------
21 OSTEROSHT U U-----------------I I I u U I I U I
------------------------------------------------4------------------------------------+----------------------------

. . . .. . . . . . . . . . . . . . . . . . .q -..



Data Activitj Iriteractiurn Matri;.;

34 MG-UTM2NE -/

33 IGUFS2F'G -................- / 
32 iiGSTEROHGHT ----- - - - - - - - --- I 

31 MGRMSTARGLOC ----------------- /

30 MGRMSINVTL -------------- / i 
29 MGRMSFLMITZN ------------ / I I 

28 I-GRMSCOORDCNV ----------- / I -- I
27 MGRAD2DEG ------------------- / I I

26 MGF*ROXSRCH ---------------------- / i I i

----------------------------------------------------------------- +----------
1 MG-Arile-inDegrees/Mirs/Secs D
2 MG-AriI e_ irlScaIetidF'iRdiaiis R 
3 MGFP7ST2 --------------------- II
•4 MGS3-heroid ------------------- I I R i
5 MG-_F'171T----------------------I

i-------------------
a MGLatitjde/LoF1 gitude -------- i
7 MGNorthir,!/Eastii- ---------- I I D Fl
8 MGGridZoioeNo.,/LetLer ------ I I
- fG;_MdPCIrsorCoordiril_,e --

10 MGUTMNothir' /EdsLii.Set -- I
+------------+----------

11 MGGr dZoieLett---r -----.-- ---
12 MGN/ELetters - -------------- - i R I
13 MGN,/E..Nj,,bers -------------- I R
14 MG_100KMete r-SludareI' l - I----- R;

---------------------------- -----------

Li



N

I I C CC

* N--------- ---r - -'

-'"--- - - - - - - - - - --

*+ .1 CJCt ,

I- - - - - - - - - - -- -

-- - - -- - -- --- -- - ccx
- - - - - - - - - - - - - -

u.LaC.. CC I -I i *+._

*- - -- - -- - - - -LD L.96- I I

C4r oI t L" eg c 6r

W L;; f"L_ =',

C D = C.. .- I I. . ..- __ _

=C I> 9-: N, : , I

- D Z -' I

i m ii .C.. .... .. ...Ji 
I IIII 

II 

I I I I III I

co r I X rI

M Coa l jI I* :

CD tj

3~~~ CC L~U a I ' ~
CC I CC C Ir V

LD CCIIf I

a, rC oLa c LD ' L.'L

-o~~ c.'D s I r,



1 MG..Alarithuas
2 MG..BUILDCD
3 MG..IITARGLOC
4 MG-.GENSPHERE
2 MG-BUILDSKTCH

3 MG-.IITARGLOC
4 MG-.GENSPHERE

3 MG..IIFLMITZN
3 MG-.MAPCUR2NE

4 MG-GF2NE
5 MG-.GENSPHERE
5 ;iG-.GPL/FGO
5 MG-.GRDZONECNV

4 MG..GRDZONECNV
4 MG-.NE2GP

5 MG..GF2NE
6 MG-.GENSFHERE
6 MG-.GP2L/rG
6 MG-.GRDZONECNV

2 MG..FRAMSRCH
3 MG..AE2GF

4 MG-GP2-NE
5 MG-GE NSPHERE

5 -IG-GF'2L/PG
S MG-.GRE'ZONECNV

3 MG-UTM2NE
4 MG-GENSPHERE
4 MG..NE2GP

5 MG-.GF'2NE
6 MG-.GENSrPHEIRE
6 MG..GFP2L/PG
6 MG.93RE'ZONECNV

4 MG-NE2UTM
5 MG-PFG2UPS

6 M~G-.NE2ZUTM
FSA168*Loop. detected (see leyel 4) - Structure truncated.

4 MG...FG2UPS
5a MG..NE2UTM

6 M G - F'G2 UFPS
F'SAl68:Loop detected (see level 4) - Structlive trarificte~d.

4 moJJpsn2PG
3 MG...IIINVTL

4 MG...IITARGLOC
5 MG-.GENSPHERE

4 MG-.GENSFHERE
3 MG..RMSINVTL

2 MG-IICOORICNV
3 MG-.GP2NE

4 MG-.GENSFHERE
4 MG-.GP2L/PG
4 MG-.GRI'ZGNECNV

3 MG..NE20P
4 MG-.GF2NE

'a MG...GENSPHERE
5 MG..GP2L/F'G
'a MG..GRDZONECNV

3 MG-.UTM2NE
4 MG-.GENSPHERE
4 MG..NE2GP



1 MG-.Algorithas
2 MG-.BUILDCD
3 MG-.IITARGLEJC
4 MG-GENSPHERE
2 MG-.BUILDSKTCH
3 MG-IITARGLOC

4 MG-.GENSPHERE
3 MG-AIFLMITZN
3 MG-MAPCUR2NE

4 MG...GP2NE
5 MG...GENSPHERE

5 ~ iiG-GP'L/F'O
5MG-..GRDZ ONE CN V

4 MG..GRDZONECNV
4 MG-.NE26P
5 MG-.GP2NE

6 MG..GENSPHERE
6 MG..GP2L/F'G
6 MO-.GRDZONECNV

2 MG-FRAMSRCI4
3 MG...NE2GP

4 MG-.GP2NE
5 MG-GENSPHERE

S 1GGP2L/PG
5J MG-GRtIZONECNV

3 MG-UTM2NE
4 MG..GENSF'HERE
4 MG-NE2GF

S MG-.GF2NE
6 MG-GENSPHEIRC
6 MG-GF"4LF'G
6 IMG-GRtZONECNV

4 MG-.NE2UTM

6 MG-PG2UPS
F'sA 6Lo detcte (ee ee2) UtTMcueturct

4S18Lo detected (seelyl4 tutr rrctd
4 MG E2UPS

5 MG..G2UTM
Fs16:6o deece (eelve ) Srcty tPj~dtd

4'A68Lo detected seelyl4) SrPGTeturct
3 MG.IIINVT
4 MG.IITALC

4 MGIITAGENSHE
4 ~MGGENSPHERE

3 MG.RMSPVTL
2 MGIIORIINVT
3 MGIICOOGIINV
4 MG.GENFE
4 MG...GNPL/F
4 MG-.GFZONECN

3 MGNEGRDDEN
4 MG2GF2N

5I MG-.GENSPHERE
5 MG-.GP2L/F'G

5 MO..GRLIZONECNV
3 MG-.UTM2NE

4 MG-.GENSPHERE
4 MO-.NE20P



5 MG..GFPNE
6 MG-GENSPHERE
6 MG-.G2L/FG
6 MG-ORDZlNECNV

4 MG-.NE2UTM
S MG..PG12ups

6 MG-NE21UTM
PSA168:Loop detected (see level 4) -Structure truncated.

4 MG.F'G2UPS
5 MG-.NEUTM
6 MGF'G2ups

PSA168:Loop detected (see level 4) -Structure tiuricated.
4 MeGUPS2-PG

3 MG-NE2UTM
4 MG.G2UPS

SMG-NE2UTM
PSA168:Loop detected (see level 3) -Structure truncated.

2MG-LORANCNV
3 MG-3ENSF'HERE

2 MGJ-i~,PIT'(N
3 MG-LAMBERTCG

2 GUNAICORN
3 G..IITAROLOC

4 3O-ENSPHRE
3 M~G..IFMIT:N
.3 MG.IAF' JP-'NF

IM G3 3 F- :E R 17
MG-G3F'2L'F* G

4 M G - N E'22EG P
4 MG-fE2G-

6 MG.GENSPHERC
6 MG...EF2L/Ft3

6 MG-G~r23I4EcIW
3 HG-.GF'2NE

4 MG-.GENSPHERE
4 MG-GF2L'PG

4 MG-O.GF.DZONECNV
3 MG-.NEZOP

4 MG-GF2NE
S MG-GENSPHERE

5 i4G.GP2L/'F
5 MG-GRE'ZONECNV

3 MG..UTM2NE
4 MG-.GENSFI4ERE
4 MG-t4E'GF'

S MIGF1NE
6 MG-GENSF'HEF:E
6 M G. A3GF"?L .'F'G

6MG- RGr7JIUECNV
4 MG..NE2UTM
4 MG-PFG2UPS

6 MG..NE2UTM
PSA168:Loop detected (see level 4) 3tructave t.runr:.ted.

4 mo..po2ups
S MG...NE2UTM

6 MG-P.G2UPS



PSA168:Loop detected (see level 4) - Structure truncated.
4 MG-.UPS2PG
3 MG-.NE2UTII
4 MG...G2UPS
5 MG-.NE2UTM

PSA16SO:Loop detected (see level 3) -Structure truncated.
2 MG-.PRECPTFLE
3 MG.-.RMSTARGLOC

2 MG-.PRIPTDET
3 MG-AITARGLOC
4 MG-.GENSPHERE
3 MG-.IIFLMITZN
3 MG-MAPCUR2NE

4 MG-.GF2NE
5 MG-.GENSPHERE
5 MG-.GP2L/PG
5 MO-.GRDiZONECNV

4 MG..GRDZODNECNV
4 MG..NE2GP
5 MG...GP2NE

6 MG..GENSPHERE
6 MG-GP'2LPG
6 MO-O.RDZDNECNV

3 MG-.GP2NE
4 MG-..GENSPHERE
4 MG-.GF2-L./FG
4 MG-.GRDZONECNV

3 MG..NE2GF'
4 MG-.GP2NE
5 M'G-.GENSPHEFRE
5 MG-.GP2L/PG
5 MGGORDZONECNV

3 MG..UTM2NE
4 MG-.GENSPHERE
4 MO..NE20P
5 MG-.GP2NE

6 MG-GENSPHERE
6 MG-.GP2L/PG
6 MG..GRDZUNECNV

4 MG-.NE2UTiI
5 MG-.PG2UPS
6 MG...NE2UTM

PSA168*Lao detected (see level 4) - Structure truncated.
4 MG-.PG2UPS
5 MG-N.E2UTM
6 mo-Gn..6ups

PSA168:Loop detected (see level 4) - Structure truncated.
4 MG..UPS2PG
3 MG...NE2UTM
4 MG-.PG2UPS
5 MG-NE2UTM

PSAi6B:Loo detected (see level 3) -Structure truncated.
3 MG-.IIIN'JTL
4 MG...IITARGLOC
5 MG...ENSPHERE

4 MG-GENSPI4ERE
3 MG-.RNSINVTL
3 MG-.RIISTARGLOC
3 IG-.NE2MAPCUR



4 MG-.GF2NE
5 MG..GENSPHERE

5 MG..GF2L/FG
S M0GGRD ZONE Cr4 V

4 MG..GP2L/FPG
4 MG.J4E2GP
5 MG-GP2NE
6 MG-GENSPHERE
6 MG..GP1L/PG
6 MG-.GRD/'ONECNV

2 MG-FROXSRCH
3 MG..MAF'CUR2NE

4 MG-GF2NE
S MG-GENSPHERE

5 MG-GF"2L/FPG
S MG..GRDZONECNV

4 MG-GRDZONECNV
4 MG-_NE".GF

5 ;1G-GP2NE
6MG-G E N SPHERE

6 MG..GF2L/F'G
6 MG-GRDZ-ONECNV

3 MG-GF2'NE
4 MG..GENSPHERE
4 MG...GF2L/'F'G
4 MG-GRDZONECNV

3 MG-UTM2-NE
4 MG..GENSPHERE
4 i4G..NE23P

6 M3 6E NS FHEF.
6 MG~~- LF

6 M G 0RtiZ 0 C,'V
4 MG...NE2-UTM
5 MG-.FG2UFS

o MG -NE2UTo"
F'SA168:Loor- detected (tee level 4) r2t.,-jct ire trurncaed.

4 MG-.FG2UPS
5 M1G-NE2UTM
6 MG-P,^2UPS

PSA168:Loop detected (see level 4) -Str'jct'jre t,~jric -3teJ.
4 MG-UP32PG
2 MG-STEROHGHT

3 MG-IITARGLOC
4 MG..GENSFHERE

3 MG.IIFLMITZN
3 MG-.IIINVTL
4 MG-.IITARGLOC
5 MG-3ENSPHERE

4 MOGENS.HERE



4MG-DEG2RAD FRO0CES S

LES CRIPT ION:
Thit algor ithms cunve r t- aat~ile in *c e/nf' ~/c'd

irnto its euauivaleist aicl in s1dPia± s;

SOURCES: CGiOS1OOA/'art-I

SECURITY: U

RESP PD: JUG

ATTRIB~UTE: VAL UE:
abbr-viatiorirew2iiIw ' =

date-aculT ed 0
er rc e s s i A r~~i en nrle

matriemr~uchetr1

L ree.ie~elleaf'
eciul~~~~~~ B-iet..~~C I,*re B



§ MG-.GENSF'HERE PROCESS

DiESCRIPTION:
Thib, algori thn de termnrs the airrriaLe srherui'J nuaiLe r

car iesrarindiiis La the ijiput 1 aLi Lu'e/lumiiiLuije bd sLdriri iiig a
tpecial l' constructed raa database which contains thes rL-a tionship
betwetAn loniiLudje banid/latitude z Lri?-S amd sp-heroid numbers.

KEYWORDS: algorithm

SOURCES: 3.2.71 C G108100 A/FartLA

SECURITY: U

REEP PD*: JWG

ATTRIBUTE:. VALUE:
abbreviatian SF-herojitGerlev T-tiOil
tspeat-sau rce d0c umentLa1
d at e-a c uuir Ted ' 07/01/302'
sr oc es s ini-t-,Jonre none

w ath e m at i c .- ft e 1; c a vt1,o gvdk:h s
L ire e- 1e velI leaf

iecti riueitsper-u riisiceTEDi



7MG-GP2L/F'G PROC ES S

DES CRIPT ION:

latitjde/lorigitude r-air Lo the va'i~vaiesit LiLei t/poclar- grid

KEYWORDS: algorithm~

SOURCES: 3.2.115 CG108lOOAFart LI

SECURITY: U

RESF' FD: JWG

ATTRIBUTE: VALU E:
atbr ev iiti cL /Li'.2.iir/olr. i

Lipeof-surceduculleli L
date..aLUU±red C7'1"2
-r es is - oi n urie

r'ee. level leaf'
i e cl i e e i it s tr rfc ri m r e



6 N6.GP2NE P ROCES S

DES CRIP'TI ON:
Thit, algorithm converL6a awd ±nr.uts lati tudef luaig±L'ade ?-dir

into its e~uiivalesit iaorLbiug siadi L-abtL~ia L~UU rdiiiaLe .,et,

KEYWORDS: algovithm

SOURCES:# 3.2.83 CG108100 AiPart-I

SECURITY: U

RESF' F':* JWG

ATTRIBUTE: ')AL UE:
abbreviation lursi2or-i/Esri
tvpe.of..source documen t
date-acUUired '7 /301/3a2'
Processiig..done non rle
matherratical-.tield car-to~iiar-hj
1,ree-level leaf'
r ecaiu r e we ItS I- er7fo r anrc e T7 SD

-1.



9 MGGRDZONECNV PROCESS

DESCRIPTION:
This algorithm converts input lunsitudw aJ latitude

to UTM/UPS Grid Zone n'uabwr a,,d l,.tter. it fails at Lhe
uPPer (closed) limits of botih lonitude a,,d lctitude.

KEYWORDS: algurithm

SOURCES: 3.2.90 CG1OS1OA/Par t-l

SECURITY: U

RESP PD: JWG

ATTRIBUTE: VALUE:
abbreviation GridZo,,eGeeratios,
L.pe-of-source document
date.accui red ' 07/0 1/S2'
e rocessin A-done an i sz ed."Pas. I ized
mathematic0. lfield L d r Lu r. -h
rub l' s triess 3

Lreeleyevl 1eaF
r ea u i rem e n t.s.Pe r ro fnanc et . 1 1 3 h i i ra1  to r.
Ie fl r eric.es C JWG J DRVGZG'MiGGZDG '

.29- '9



14 MG..L/PG2GF F RO 0E 3

DiESCRIPT ION:
Thit- algorithmi coniverts~ Lamliert/poldi' !a,J iiin-'jt

coordina~tes into ealiia1eiit A&4c ;aic vuuv~jiiite

KEYWORDS:. allurithn

SOURCES: 3.2.116 C0G106100 A/Part-1

SECURITY: U

RESP P'D: jWG

ATTRIB~UTE: VLE
abb i v iat ior, L u~t,/Pu I r-0v, i u'-Z l-Lur
1L .peoa -sou rce dc ju in e 1-
date..acul-ii red'0/1/3
P.-cess ing..dorie n o ne

L r e e-1 e v e1 e 3r

recui i e m e nL s F.e rt r Ia c T, i fiCE - L



15 MGLAMBERTCG F CESE

DESCRIPTION:
Thib a l or i thim calclIates tie Lamber' t cuii-a Lci i i ,J

for u-e wiL i the Lambe,.t/Pulir Grid Lo UPS sij Lie L;F) t ,
Laihbert/Polar Grid corIversiion aliurithois.

KEYWORDS: alorithmi

SOURCES: 3.2.119 CG 08 1 0 A/Fa r t I

SECURITY: U

R ES P PD: JWG

ATTRIBUTE: VALUE :
a b br v ia t ionr L a mL, ., L -:,o, tol t _7 i,, .,

date ac u iii red 0 .,'.) i,
er o ce ss i ri=A_,Jo iie a~ I .i edJiF a,. -3 1 ' .

ma t he 14a t i c a I- i e I_: ,i=J', ' , .

I l ui t rn e s s 6

ete ie ' I S-G]t, r-j

. . .II I I I .. I TI II ..... . " "III | ,~ J , t, . 3 ... ., u v.

e~ ~~~~2 f .



17 MG-MAPCURZ-NE Fr I'.U U

DESCRIPTION:
Thit, alloritiim converts an ;; mnap cursor tosu t its

euuivalerit rocrthirs/eas Lii ur latitud-e/i ui itudj~e uTi, :iuriL
iube r/letter and 3i-he raid ou tpu I coo rdird Ic

KEYWORDS:* algorithm

SOURCES: 3.2.39 C 3133100 A /PartIA

SECURITY: U

RESP FPD JWG

ATTRIBUTE: VSALUE:
abbi-eviatior Mufr..-Cwusur...tt 4 x
%,:seeo rsoi rce do0c uae 0It -
date-acosji red '307 / 01 /3 2'
e' r ocess i nS-done n~one
matheniast ic aLCri e Id ca 1,tosraT.ht

Lv ee..level 71ixd dl1 e
re teu iILM i;e, ts.eAV foT 1sdrCe TBD

i q-



20MG-NE2GP FF CCESS

Thit:. alo ri Lhoi 2LICive('Is arid iiri..its ti' bi/. L i k i-

irito a latitljde/ lcji,!i t,.j'e F-air.

SOURCES:. 3.2-84 C010810A/pFa rt-j

SECURITY: U

FESP PD': JUG

ATR IBUTE: VALUE:
--bb rev idt ioll Nu Iii~ L i 'u
L-,;e..o r..sow rci d .) c uI ei IL

P. Vr e S S I _j011 e l e I' l ea

e r , r r, ~'ft5Js e Vrc T BrD



2MG-NE2MAPCUR

D ESC RI PTI ON:
Thics algorithmi coniverts eitheir ntjptiI'A/ed~ti('I o--

1 aLi t'de/1ongitudse or .id zoiie riuiibe r,'let t~ p.j i intu

KEYWORDS: algorithmb

SOURCES: 3.2.028 C180AFr

SECURITY: U

RE SF Ft',: JWG

AT TRI BULT E: VALU E

(,se-of so u r 'J 0C u IIIei L
daLe..acuuired '07/01/32'

Lr',sarl ie rrl

E- Ci ue II ve 1i L iip e ,fc , I irc:e7B

2 f



22 MG..NE2UTM r~L

DESCR I PTI ON:
Th i; alsorpi thin ci~ve rts iu r thiriz ajid e.,2 iLii* U..

Loosite UTM P'air.

KEYWORDS: a l o rithj,

SOURCES: 3.2.86 CGIOSIOOAi'Pa rt-I

SECURITY': U

RESP Fri: jwG

AT TRIBDUT E: VALUE:
abt'fe-widtior

L : .je -o s a .ir e OCfie-t

.e c - d e e' ) I Ir

ie tlxTe m iuet s F-~ e r r ,.idr u



3MG..YG2UFS PRO0CE SS

DiES CRIP'TI ON:
Thi~, algorithm coniverts Pulari Grid nurthirI4/easting

covirdiriates intu eciuivaieiit Urivers..j1 Puldr SLL-r cJy'aphiL
ur Univer'sal Transverse Merc~ator ('JA1inri the NE2UTM
31soritna)

KEYWORDS: a1gorithg

SOURCES: 3.2.118 C G10810 GA/' Par t-

SECURITY: U

RESF' PD: JWG

AT TRIB~UT E: VAL UE
abbrevisliorl Fol63-r'd2UFS3

I'rocessji1d-ore a i1 Z d/F,a c a1 L Z ed

0b u s t I es; 3

1,?Q r e if ye n s e e i B

2- J qujF 2 J



-7 G-RADEI)EG PRO0CE SS

DECITO:This algori Lbnm convertt, an ari~1e il kale'i Pi ra. iar's

into ani eG'Jjva letiiL drs in r ru ,~cri

SOURCES: C31O100A/Part-I

SECURITY: U

RESF' P1E' JWG

ATTRIBUTE: abb l~yia rAL UE: aIls-2e1vee,

L pe .o f - s ou r ce d cu al e rit

nathemIatiCdj.....Ti-i jr.u IUI m VT

Lvee..lev--1? le a
remui T'fenet-eri'ormnrce T B r



33 MG...UPS2PG R. 0 C E

DESCRIPTION:
Thib. algorithm converts Uriivet-sal Pular SLeroirai-h.Lic ±

ectuivalerst Polar grid coordinates.

KEYWORDS: algorithts

SOURCES:$ 3*.117 CG 106100 A/,P r t .I

SECURITY: U

RESP PD:# JWG

ATTRIBUTE:* VALUE:
abbreviationF3i1Plr-r,
t~de.of.source dcmn
date-acc~uired ,'0-1/0 1/32'
PracessiriA-ijoe u
rathenatical....iield La v[t o qih a 1'..
L ree.A dvel 1 -af
recnui p merntis erfor ntsroce T B i

qC -;



14 MG..UTM2NE FROCCE SS

DES CR I T TO N:

Thib allorithm con~ver~ts a UTM ecrd idLk- stet it Lu the

KEYWORDS:* algorithm

SOURCES: 3.2.85 CGI1010A/Frt-

SECURITY: U

RESF' PD:+ JWG

ATTRIBUTE: V)A LUE:
abbreviationiU1.N~thbE~ii
L,:r--f-orce AcmrI
da Leacouijred ,01JS
t.,r oce s s i n9-dorie roaiie

L ree-..evel la
recojii enaerits..ye rf'c orrarice T mIDj



T.3. Algorithm in Standard Form
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100 PROGRAM 0. jvuitL.jmoL' r L~uwn.:,iiL.. .!a,.iwi INPUTP OUTP I)T
2400 {c
300 (C sitj pvgij'~uaL~iG:ti ig ~i, .i~~ virIJjmu:tIL iu
400 { Dr iv e -L ;niL I L C L L.;jL 6vI I I- 'g. I LI PR 0C F 1LIRE
500 -C L L .wi Lite Lcsimijc- I U L,- it I, L.s I L5: I;- I*.J $ L01 ? I.:tJUI

600 {c
700 { IiiLvvis :: wi Lii Lhg ; i'.C.I d.-a~ .~ n '~s.~U * V

800 {c GLOBAL VARIABLES - EuviiLrit:iLj
900 (c So IIi , s ,i. 1, gAx, i S

1000 -{ INPUT PARAMETERS - L 'a tL",j c..
1100 (c I. imb."aR
12400 Ph hi U
1300 (P; Ii L 2
1400 -( Phil 2
1500 -c Phai2
1600 -c OUTPUT PARAMETERS - i- 2-
1700 {c ToLa 2
1800 {c P e i t L J.iu n C o IIt a d .Jt u
1900 fc Lng;;L~aC J.
2000 -c
2100 -c Hosa.i - ,l r e
2200 {2
2300 (C dwc1.iriLiuris
2400 ( c
2500 TYPE
2600 Pi~i.~=REAL.;
2700 1. u' j ri e R RE AL
2800 F 1 a: i -L eriI,.jjLM )
2900 {2
3000 VAR
3100 E c c Itn I- ci Lua 7 ~u uT u0.1 t
3200 So iIaujUp-A>,; : R E.)L;
3300
3400 LambejaL : PiR jt.a~
3500 Lanib-daR :P L R d ii~~
3600 PhiU P! PRa s It.si
3700 P;Ii L P Pi R-j Ii.:as II
3600 Phil Pi F'R a d J..; I
3900 Ptai2 P PiR.:s13 i Is;
4000 {C
4100 svjp-ra REAL;
4200 IOLd REAL;
4300 P v ojut. Ljius IC w ita!R:;d i u-, : REAL;
4400 LambejaC Pi PR,% d jii
4500 3 u .u rtJE tu L vi I.;i L - Z u r 1)T 0 1 e
4600 Hem i -iaIi e F la..
4700 c 3
4800 C2
4900 PROCEDURE L~L~a ~u. ~. G.s . ir
5000 ( (GLOBAL> )- E~~i~i. : Zu.Tuoaai.;
5100 TOLOBA..)- Stwm,rAxiji R RE tL ;
3200 (CI N) Lambid. P A*R,$sid I I ;
5300 (CI N1 L-jobaL'R P:J PR.:s1!La r
5400 <IN> PhlI IU Pi PR,; i ; I I ,;
5500 -CI N- PhiL :PiR .s -i .. . ;
5600 -CI N> Phil I P i Ras'j.icsfi,
5700 < I N> P iI i2 : PR .J i 'sI I
5800 (COUT> VAI)R Kwt: RE AL. ;
5900 <OUT>r VAR Tuta REAL;
6000 (COUT>- VAR P vuivL J it ui i-Rasj i ut. : REAL 1;
6100 T.OUT> VAR L-isubdisC : P L Rs.I iJia;
6200 (OUT> V AR St.j.; rtcu.FL-vvigIs, II L .j : -itf uTaoaa t?j 6300 -(OUT> VAR Hvm i -.- ;Isei re Fl 1, ) 7EXTERIJ;



6400 f }
6500 -C P auctedu rv t ' aua4  daaLGaa L -~14 LAks-W 1_.,swtajk L rC'jaa*. LjaL x*
6600 {C Generation, a12:uvA*Liwa uiL:.a a iLut~a 111 -j ~~acal 3.*2.* 1-7 7uJU1^aI

6700 (C C0l010 .J..sLL-k 23 0a:-Lut. 1978.1
6800 { f

6900 {C J.W.Oillii. 4-22-82 X-
7000 -C2
7100 -C Th ia i ,v.)k iuvie ASSUMES Liia; j.~ s .3~ s~ vasil'.A'11
7200 (C retoi eki u Lu Litt- j1!! urs iLiiiv Lu L iiauL at ii Lit dJ~ 35' '. SU f

7300 {C vuIv- 1L l juuumaa tsa T~i-i t1,i~L,4 ar : Evt.u,,ii. iL s X
7400 -C 2
7500 ( 2
7600 { 2
7700 (C Thk., ?' sus'iu s'ti tIOES&MOT ;-u ri' aam 'i, :j v.3 l a i iLi usa cig.2a-k,. Lbi...L .jr%

7800 { nuL tpecC±ritedI I i tt-15 c.1_;a: aI L'iaa U~ i--itai Ti , Jk. ULI 1.51) a IJ IV

7900 { j1JuriLhwa r*.~Ja, Lt.) L'ate ':.usuj ua l'r

8000 { 2

8200 { 2
8300 NEG1N
8400 {C
8500 {C feL'1jbi~i GLOBAL drJ.l-
8600 C2
8700 EvewuLicitv - 0.0;
8800 Semwimjurli; t- 1010;
8900 fC
9000 { - .Cai'A INPUT PARAMETERS2-
9100 { 2
9200 Laanbd.L :~0.20;
9300 IdL1baR 0 . 0 ;
9400 Phiu : 0.120;
9500 FlaiL 0 .0;
9600 Phil :=0.0670;
9700 Pii2 0* 0.37:;
9800 { r
9900 -C '3LIIu IiNPUT PfiRAMETERS

10000 -C 2
10100 WRTTELN;
10200 WRITEL14 ( setus- ELLuti-j; U L.i i, t r~:-aulLa

10300 WRITELN ( L Lu; vi S uia .j u a-i 'j i v 3  
inauiaa.1 ja I-a!I;.; i

10400 WRITELH ( 'se Lu- La osaaL dasL. 'A t, v L. ifitLt 6 .
10500 WR ITELM ( -. Lua' l-,imbs~ai-j i -. , v Iam-.j ft6 oR
10600 WRITEL14 ( i:vLup- FisiU i%, ',FlaiU) ;
10700 WRITEL.N ( - 4 L 1j;- PhiL i.a 'pPiaiL);
10800 WRITELN ( twLui, FPhil it.. ,F~ial);

11000 { 2
11100 I.sbaa (aa';~sLtsus, i~a ({IOfI. auaL .

11200 -CGL ORAaL. - S m s. .>a5 5 j

11300 MM-JT L c s b sla ~L
11400 (COUT) L a aIII L ;R
11S00 (OUT>I FlitUp
11600 CG0 l T) P! iLr
11700 <GIJT)> P Il,
11800 (OUT> PhiZV
11900 (IN> j';
12000 1(I 1 Iu k c
12100 1I N>. F ru-eu L i uaaIC-ift ItI.. i
12200 1I4). L au.Laaj;C,
12300 -(ITN> Su 1i -j I- t:1.- t IL IL ci aw p
12400 HI). HiIia~- uk
12500 C2
12600 l iu.L uuL -uLs-s:.Ls ra1:>



12700 -{
12800 WRITELN;
12900 WRITEI-ol ' K.j1-;', 4 i.o
13000 WRITELN ( ILLa il Y LIS);

13100 WR ITELM '~u~ iu ~t Ll' 1

13200 WRITELN ( ' Luumu'uXC .

13300 WRITFLi UJIIqJ~Ui ~ S. ~JL~ILri
13400 WRITELN it taiih~~,He~aa'
13500 -C
13600 END. { 'riCaus Lun.L.,Lvi c ii PROCEURE

30-3



100 MiODULE Lcjei-.- (IN PIJTOITPUT)
200 { £

300 {
400 {C
500 TYP E
600 z e r u T L' 11 REAL.;
7/00 PiRa'iidris REAL;
B00 F 1 at
900 C

1000 {C
1100 C
1200 PROCEDURE Lamber CuntL.ii GLegieiji.il.'n
1300 fGOLOBAL.}Et LIi : Z'ecuT-j0iie;
1400 -CGLOBAL}- Sewims'uinAxi, : REAL.;

1600 (CI N> LIki'd,.R : Pi Rdi i . ;
1700 (CI N) PhiU: P iR.A;isiis;
1800 (CIN> Phil. ad Fi.1 511 -,;

1900 -CITN> Pitil : Pi R3 -.11 6 ;
24000 {CI N) Ph.2 P F R,- .ji i
2100 (COUT> VAR Kiepa :REAL;
2200 (COUT>- VAR I u1.c : RFAL;
2300 -C(T>f VAR P vu.jv',.± iui iCut wR .:sij j : REAL;
2400 ( 0U T>' VAR Lsawbej,sC : P jR~di u i:;
2.500 -(OUT)- VAR Suiu reiELLsi r i viLs Ze ruT uOi ie;
24600 (OT> VAR Hv kt-i' it.- te F I~
2700 -C
2800 -C Genr;tiuii el1tur Liua ujt.c riL.L.-J .111 .~~ 3.2. 119 ui 'iut:uu..ti.
2900 (CG3108100a d.sl±sJ 2*3 0cLujbui 1-77a.
3000 {C
3100 < J.W.Gilli 4-27-82
3200 {
3300 -C Tii 4ructrdurv ASSUMIEStis~ 'I$. ill 'JJ(. jive Vk1S45JL as
3400 -{ reoui ned Los the dl i lLiar blouL Ii, L b d-t.r ib o at, ira-ut Iii%-h
3500 -C ret ovii:t- duizumi.is Tk;* *; d 5 j3 L.s sr;:L **L~i
3600 Sem(nuu -1 .1
3700 C
3800 -{ Thiti Procedure TIOESNOT t-rur tl.jJl.,s vjllU.jlii ;~~~LIl
3900 T{ iituL -. ci iiJ iii Lhu :;l iv Lhm 'u-.crLvpL'ijii. * iiii ij, ,-j .si iu*- Lhe
4000 {c aiauritlitm rcLuret Lu be -l t-ll-I INIuuLe L- t1i- .
4100 {C
4200 {C
4300 {
4400 CONST
4500 PiOvei-2 1~0
4600 fC
4700 VAR
4800 Phi : ARRAY Il 1 .31 OF P JiR.a Jka ij;

4900 PhiPirime : ARRAY [I*.-)] OF PiRsoli.ioob
5000 Zeta :ARRAY Ci*.1OF P
5100 C raslv * ARA I ",1 IFR EL

0200 Indwx : INTEGER;
5300 BEGIN
5400 -C
5500 Phir.ij : PlilI;
5600 PhiC2J :P. Fi2;
5700 Phil3l V.(PhiU+PhiiL)/2.0;
.-800 {C
5900 Lamb'JaC :( Lamodol'' + L~jwgLe,,R ) /2.*0;
6000
6100 9u ,'t.'JELiiLvi i ;,,.j -3R E.:voo 6: L*.
6200
6300 FOR Ioiu'x :=I TO 3 DO 0-,



6400 Phi Prime[Ig'jdw) - ARC TAN( ( I -utuc irc~
6500 (S 3IN('skp; I ic ;_-i1; io

6600 COSABS(Fl Ij E I I Ip7-; )
6700 {
6800 FOR IrdeK- 1 TO 2 DO
6900 Ci1S~ 'r gsk' ~ gjgj ~;
7000 (SORT (I . -vi L ,*
7100 SOR (SIN (BS (Phi Cij.~;
7200 FOR Iridex : 1 TO 3 DiO
7300 ZL-taI Iidz.xI fv .- P Pig:EIas.);
7400 { f

7500 1u~a .L.CO(SFliJ) )-NCSB(P 2)))+
7600 L(uv~utrJ-NC~~~u~C])

7800 LN(SJN(ZetaE2]3/2.,0)/COS(ZtL-,jiL"i/2.0)))
7900 -c
8000 Kapr-a :-(Cui-v.cLui.1)COS(AS(Fi.l1))/'
8100 k I uLaZ( ( S 11( Z-eLs11/2 *0)/CtOS( Z; ,..1 13/2 .0) f~IA
8200 f r
8300 P ~e c I iuvuieRj-iu., 1 t*LI3/ )
8400 CS7t4;/.~IL.
8500 -c
8600 {C NO ALGORITHMi i-- .sv.;JlsLslte giur Lgi Hvmiuiv,'itgr Fl:;! jt- 3.
8700 -c

8900 -c
9000 WRITELN;
9100 WRITELN ( ' L:uwpubw Phi[33 1.!, 'rPhl'E3)
9200 FOR Tisitx : . 1r0 3 DO
7300 WRITELN ( 'tus.uLe~d PhiPvimiwtIes'hodt i , Fi,_ 'ljPvj aaet. IgjdLkp-
9400 FOR Iwkshx :~1 TO 2 DO
9 500 WRITELN c uou'i-siet Cur vj Luwt.li)6.-x li, ucu~ g..t~

9600 FOR Id: T- O 3 DO
9700 WRITELN (LumI v'J Zi.L,'(Iiijt-;,) A'.,-~IUIgj.

9800 {
9900 END; -C Lawmber-tCurtsLgiiLG*it.rig-gLit.ua PROCEDURE 3-

10000 J

10100 END. {C LcsliuuLI MODULE}

3o-



100 {
200 PROGRAM Drvit (INPUTOUTFUT);
300 { }

400 f
500 TYPE
600 Meters =REAL;
70.0 Decamete rs =REAL;
Boo Letter =A. Z

700 Spheres =INTEGER;
1000 -C
1100 VAR FGNorthiriCoord :Meters;
1200 PGEastiriCoord :Meters;
1303 PGZoreLetter :Letter;
1400 PGZoreNumber :INTEGER;
1500 SPhe ro i dN, ober : pher e ;
1600 UPSZoreLetter :Letter;
1700 UF'SEastir,sLetter :Letter ;
1800 UPSNor thir,ALet te r : Let tefr;
1900 UFPSEast i ritNumbe r : Decameters;
2000 UPSNo r thinNun be r : eieca inete rs;
2100 {

2300 PROCEDURE PolarToUFS
2400 ({IN } PGNorthiniACoord me t,' r
.500 -IN } FGEasLi r.Coord :Meters;

2600 {IN P PGZoreLetter :L et tr;
2700 {IN Y PGZor, eNujmber :INTEGER;
2300 IN S Ph e roid N,- abe, : SFphe res;
20- {OUT} V;,R UPSZ oceLetter :Letter;
3000 {OUT- VAR UFSEa3tinLet ter :Letter
3110 {CUT} AR UFSNo.thirLetter Letter;
3200 OUT- AR UF'SE as t i rn9Nuabe r :D ekame te rs;

(0 {GUT- VAR UPSNo rthir,!Nuaber :Decameters);EXTERNl
3400 -C
3500 BEGIN
3600 
3700 WRITEL1;
3 00 WRITELN ( ENTER PG NORTHING COORD

v390 READLN (FGNORTHINGCOORD)
4000 WRITELN;
S100 WRITELN (' ENTER PG EASTING COORD ';
4200 READLN (PGEASTINGCOORD);
47(00 WRITELN;
4400 WRITELN (' ENTER PG ZONE NUMBER ');
4500 RE.!tILN (PGZONENUMBER;
4600 WRITELN;
1700 WRITELN (' ENTER PG ZONE LETTER ')
4300 READLN (PGZONELETTER);

'~0 WRITELNJ;
5000 WRITELN ' ENTER SF'HEROID NUMBER );READLN SFHEROIDNUMBER;;
510O0 { }
5200 -C I

5300 'Pol arToUPS (PGNorthiriCoord,
5400 F'GEastirCoord,
5500 PGZoreLetter,
5600 FGZoneN umb e r,
5700 SpheroidNumber,
5800 UPSZoreLetter.
5900 UPSEastir, Lette r,,
6000 UPSN o r th i r,iLe tte r,
6100 UF'Eastir iNumbe r.
6200 UFSNo r th ir.jNuimbe r)
6300

.3 0 -&



6 4 00 END. {Cof PROGRAM Dirvit}-



too
200 MODULE PG2UPS (INPUT.OUTPUT);

.100 {

Soo TYPE
500 Meters =REAL;
700 Decamete rs *REAL;
6O0 Letter ='A'..'Z";
700 Spheres =INTEGER;

I C. 0 0 {

1100 {
1200 TC
1300 PROCEDURE Pol8avToUPS
1400 (KIN I- PGNorthiiACoord :Motors;
1500 (IN - PGE.sstirsCoo rd :Meters;
1600 (IN ? POZoneLetter :Letter;
1700 TIN 3- PGZoneNumber :INTEGER;
iso0 (IN j SpheroidNumber : Sph r's;
i?00 (OUT) VAR UPSZuneLetter :Letter;
2030 TOUT! VAR UFSEasti,,Letter :LeLtar;
2100 OUT)- VAR UP.NorthiraLetter :Letter;
2200 (OUT) VAR UPSEastinNumber :Decamete rs
2300 TOUT) VAR UPSNo .thirANmber *.;Decametevs)
2400 {
2 5, . 0 -1-

600 ., PROCEDURE PolarToUPS models the Fular Gid to Universal Folar
2700 - Ste'iojrm hic corversior algorithm describ,] iF P T dST9UM h

2.s ,  A 3 .2.18 u F CG1OIOOA dated 2 3 October 1778.
2 9 0 C ]

3000 C PROCEDURE PolarToUPS CALLs: PROCEDURE CurvevtToUFS
31,0 PROCEDURE Conve_ rtTuUTM
-7200 }

3:300 ( FTosranred be J.w.willis 5-5-82
.400 T }

3500 ( This Ppoceduie ASSUMES that certain data ae available as
3600 <1 reouired by the algorItinm but noL ad'auatel" desc ibed in th_ }
3700 { elgoritha description.
3S00 {_
3700 { This &ro,eure DOESNOT -erfoTm data validiLa checks tVaT. are
4000 < nat specified in the algorithm duscrirtiou,. This is to allow -

1100 { the algorithm features to L,e Pvesentes more clearl.
1200 (11
4300 ( PROCEDURE PFlarToUPS accepts rorthiiA a,,d eastins coordirates,'
4400 ( tests whether the UPS or UTM arid s'steir is i suitable tar-Aet '-

4500 ( system. iC tie UPS Arid syste is atrrri te, Lie the '
4600 ( conersior is Performed be this Pouedure. IC the UTM Aid 3-
4700 t system is p ro>priate, then this Procedure CALLs the
1300 A PolaIrToUTM rrocedure Calaorithm 3.2.36) to perfor, tie
4 '? 0 ' Oi n . s i}i.

5100 (
52003 .
1301 TYPE
1400 Meters - REAL;

.00 O Decaie te - REAL;
5.'0 Letter

5700 S-heres - INTEGER;
n800 X

100 VAR
6000 UTMZoreLetter :Letter;

U100 UTE astirLetter :Letter;
5200 UTMNur thirisLet ter :Letter;
6300 UTMIEactiLr,Nurber :Decaneters;

-b



6 40 0 JTMNo rth inN'0juibe r :Decamieters;

6 io' P$OCEDURE ConovertToUF'S
o0 0 ((IN ) PflNorthinsCoard :Meters;

(11 0- FbNGEas tiriACoo rd IM e tbe s
( C IN 3- POZorieLettef :e tt e r

-000 (11I3 PGlorieNuibe r :INTEGER;
7 10 0 (OUT) 1)AR UP*SZreLette r L etLter ;

70 (U T)D V AR Uc SE a Li ti A.- L et t' *r e L t-
'7300 (OUT) V AR UFSNoth iriALet ter :L ett evr;

400 (OU T V AR U PS3EastLtrnA N um ber :D e cam et e'r
7 5 0 - 0(UT)x V AR UPSNo r thi irsNuib e r Dec ale t e vs) EXT ER N
7600
.."00 PROCEDIURE CcrivertTjUTM

'00 ((IN r PGON o r tirniC o or d He ter-3
q900(N3 PGE ast irisCoo rd :MetevTS;
Q0(I 3- FGZoreLe tte r :Letter;

(IN Z- POjrcN unible r : INTEGER;
I N 3- p3h e f ro i -N ube r * ot-he fe S

IS 3 0 0 (U T) VAiR U T MZ o e L et t erT .L etL er;
S3400 (gU T) VAR UTMEastinAgLeLter *.Letter;
350 0 (U T)' V A F UT MN o rt h i riL et t er *Letter;

3 6 0 0 (OUT 3 ) VAR U T MEas tLin!9 urwinb er :1 De amlbe ter S
3 7 0 , 0 (U T)1 VAR U T lo rh i r!N uamb er B De ca itet ers) ; EXTE RN;

C)00 (elIect the spproprit' se A rid refrerence s-.s Let

PBEG IN
'30 R1TELN ('PG2UPS ALL HOOKED UP'

74100 IF PG-ZouieNumbe r = 0
THEN Carver LToUPS ((OUT)3 PON rth inAC ou rd p

? 0( COUT> PGE a st i nAiCo u va
770 (O0UT) PG7 oneL eLt tcr
73 00 -(OU T) F'Goiel-iunber.P
79 00 -CIN 3-'PSZonieLeLtLtrr

10000 (IN 3-UPSE as t i sLe tte r
1010 0 (11 N UPBNo r thi iALe L te r
1 02I0 0 (IN 3-UPSEastirizNunabe rv
10 3 00 -IN )UPS No r Lb inA Nunibe r
10400 ELSE CuvtertToUTM (('OUT), P:G N u rbiii r C oo d y
10500 (O U T)- PG E asst irnACo urdv
10600 (OGUT) POZirieLet~erq
10700 (OU T)' G po ne N uatbe if,
1030o0 OU T) S Ph e rojid6N'ujnsbe r
100 (IN 7) UTMZoreLeLt'r,
111000 (IN 3-UTMEstirA.Letterv
i10 0 (iN) U TMNojr th iAL et t er
120 (N 3- UTMEastirsNusLt,-'Y

11300 (I N U UTMNo r Lb i itJNurbCe r

11500 (
116,00 END; (ouf PROCEDURE FolerToUPS),

1700 (
11300
1 i9or, END. -Cof' MODULE PO2UPS)-

?O -'



100 C .

200 MODULE CNV2UF'S (INPUTOUTPUT);
300 {
400 3-

500 TYPE
500 Meters =REAL;
700 Decameters =REAL;
G00 Letter
900 r

i1000 PROCEDURE CorvertToUPS

1100 ( %IN Y PGNo rthiriCooud :Meters;
1200 {IN - FGEas tirnCoo rd :Meters;
1300 {IN } PGZoneLetteu :Letter;

1400 (IN Y PGZoneNuaber :INTEGER;
1500 {.OUT} VAR UPSZorieLetter :Letter;
1600 {OUTY 'VAR UPSEastirizLetter :Letter;

1700 -.OUT VAR UF SNothirisLetter :Letter;
1 13( OUT- VAR UPSEastir8N'iber :Decaeters;

1"?00 (OUT) VAR UPSNorthiri, Nniber Decameters)

210 0 C C

22." K PROCEDURE CotnvertToUF'S Performs the Polar Grid to Universal }

2300 { Polar Sterioraphic uonrversion alioritm i describ-td in }
2400 { :'arar~ash 3.2.118 or CG1OG100A dated 23 October 1978. r

2600 K PROCEDURE CorivertToUFS is CALLed by: PROCEDURE PularTuUFS
" PROCEDURE F'olarToUTM

290 7 P0ro r iinmmd b J.w.YSillis 5-6-82

3100 { This Procedure ASSUMES that certain data are available as

3200 -C reui red b, the algori that but nut adeciua tel- described in th; )-

3300 alorithm description.
3100 {

350 0 This pj ocedure DOESNOT Perform data validitLy checks that are >
3600 { riot specified in the aliorithm dwscription. This is to allow '
.3700 { the alo rithe features to Lbe Presertts ,ure clearl'y.

3900 K PROCEDURE ConvertToUPS accepts Polar grid rorthiiig aiid easting]-
4000 { coordiniates arid converts them to UPS coordinates.

4200 {-}

4300 TYPE
4400 Meters = REAL
4500 Decameters = REAL;
4.600 Letter = IA Z
4700 {

4300 V AR
; h00 Irde4 INTEGER;
5000 GridLx.ter . ARRAY [1.. ]26 OF Letter
!510 0 {
5200 FUNCTION aMODb (KIN> a~b:REAL):INTEGER;
5300 { }

5400 VAR Ainteger INTEGER;
5500 Binteter INTEGER;
5600 K

5700 BEGIN
3800 Ainteger:=TRUNC(a);

,5900 Birte er'=TRUNC(b);
6000 aMODb:=Air,teter MOD Binteger
6100 END; (of FUNCTInN MODab}

6200 {C
6300 K

Jo -



6500 BEG IN

6,700 {c
6600 (lInitialize the Gg'idLetter' apra, .f
6900
7000 FOR~ lide; '.= 1 TO 26 DO

.300{
1400 3%

S ~00 {Ca1LIJl.3Le the UPSEas+,ntirNIibwr UFSEstirit Letter Irrje,, £

7700 IF FOZureLetter '.
730v THEN BEGIN
7 -0 0 U PSE as t iriAN i be r a M 0D b (FG E a s L n C oo rd -2 00 0 0
3-000 100000,'10;
30 r0i nd ex a M 01b( (FG E a s L r4Co L)r d-2 0 0 00 0 )~u~v /1 002
320-cl0 END; -{.f IFI

3400 IF PGZurieLetter I N,

3500 THEN BEGIN
3600 UFSEas li-iNunibe r' : iMO1 tL( FGEastir~CoordP,
8700 100000) /10;
6000Iie~~M~b(F~str~o d u~uj
69'00 END; -(of IF}
1.3 0 -
"too WRIrELN;
'20 WFRITELN ('UFSEASTINGNUMBER IS ' ,UFSEASTINGNUMR);j

.'300 WRITELN ('AND ITS LETTER INDEX IS 'PINDEX);
7-1130

-CC00 (Oi I a te tihe UFSEas t iriL et ter f Prii Ls i nei~
9')00

-?700 IF IridL 16
S30 0 THEN Idx:Iie~2

$'9?0 0 1 F ( I r ('je,,, 2 ) A NDr ( I id e 17)
I1G000 THEN Index,,: =Irite;;+1
10100 U PSE i rislLe tte r i dLe t te -I n e;.z I
10 2 00
10300 WRITELN;
10400 WRITELN ( 'UF'SEASTINGLETTER IS 'YUPSEASTINGLETTER,;
I D500 WR'ITELN ('AND ITS CORRECTED INDEX IS 'FINDEX);

10300 %'Calculate the UFSi~urthin::Nuuiber & NurthiviiLettec rie
10900{
11000 IF FOoreLetter '-
111.00 THEN BEGIN4

1 ..12 00 UPS N o r t h in I N i rvLie r a 1-10~ (1 Li F'GN a r th i n l0U 3 rd - 13 0 C
11300 100000) /10;
L 14 00 I n dex ~a M 0Db P G ('N a r t h in AC oo r d13 00 0 00 /l '0 0 0 00
11 0 0 2 4
11t600 END; -Cof' IF)-
11700{
11800 IF FGZureLetter .:'N'

11900 THEN BEGIN
12000 UFS^,or thiriANumber =aMOlb ( (FGio' tiinriCourcd-S00 00)-
112100 100000)"10;

122002)

12400 END; -ur IF)

:12560 0 4

1260 - j



1 -2700 WRITELN;
I1l2S00 WRITELN ( 'UFSNORTHINGNUMEBER IS 'PUF'NORTHINGNUBER);
12900 WRITELN ('AND ITS LETTER I N5EX IS 'I NDEX)
1.3000 Z,-,sculate tlhe UFSNo r tii~Le ttwr f roin i tt ind
13100 { £

13200 IF IridJe;; 1 16
133 00 THEN Iride;:Iroje;- +2
13400 IF Ir~ 17
A3500 THE14 INDEX:rie+1
1.3600 UF3Noi r hirgLe t te r : G r idLeL t td Iojte;
1 3700 C4

1-300 URITELN;
139700 URITELN ( 'UPSNORTHINGLETTER IS ' PUFSNORTHINGLETTER);
14000 WRITELN 'AND ITS CORRECTED INDEX IS 'INDEx);
i11100
t1200{
14300
1-1400 {
1-1500 END; {Cof PROCEDURE CorivertToUPS1
14600 f
t4700 END. -"Of MODULE 0NV2UFSY-

.3 -/Z



TEMPORARY

STUB PROCEDURE

100 {
200 MODULE CNV2UTM (INPUTOUTPUT);
300 {
400 {}
500 TYPE
600 Meters =REAL;
700 Decameters =REAL;
800 Letter =SET OF CHAR;
900 Spheres =INTEGER;

1000 {
1100 { 
1200 PROCEDURE ConvertToUTM
1300 ({IN } PGNorthingCoord :Meters;
1400 %IN } FGEastin4Coord :Meters;
1500 {IN 3- PGZoieLette r :Letter;
1600 {IN } FGZoneNumber :INTEGER;
1700 {IN }. SpheroidNJnibeTr :Srheres;
1800 {OUT> VAR UTMZoneLetter :Letter;
1900 {OUT} VAR UTMEastiriLetter :Letter;
2000 {OUT) VAR UTMNorthirALetter :Letter;
2100 {OUT} VAR UTMEastinNumber :Dlecafieters;
2200 {OUT} VAR UTMNorthinNumber ,-ecaIIterS;
2300 {-
2400 {
2500 { PROCEDURE ConvertToUTM performs the Poljr Grid' to UriverS- .,
2600 -C Transverse Mercator conversion allorithm descriLed in 2-
2700 C Paragraeh 3.2.86 of CGlOB100A dated 23 OLtubtr 1778.
2800 { 2-
2900 { PROCEDURE ConvertToUTM is CALLed bs; PROCEDURE F'olaToUTM
3000 { PROCEDURE PularToUPS .-
3100 -C .
3200 { Programmed b' J,w.Aillis 5-6-82 }
3300 {
3400 { This procedure ASSUMES that certain data are available at .
3500 { reeuired bv the algorithi but not adeauatelt described in the .
3600 { algorithm description. .

3700 .
3800 { This procedure DIOESNOT perform ddta validitv ch cks thaL a,-e }
3900 { not specified ir, the algorithm description. This is to s1low "'
4000 { the algorithm features to be presentes more clearl-.
4100 {.
4200 C PROCEDURE ConvertToUTM accepts polar siid nui'thinr anid eastirI}
4250 C coordinates ind converts them to UTM coordirwtes.
4900 { }

5000 {
5100 TYPE
5200 Meters = REAL;
5300 Decameters = REAL;
5400 Letter = SET OF CHAR;
5500 Spheres = INTEGER;
5600 {
5700 {
5800 BEGIN
5900 { IF }
6000 {THEN}
6002 WRITELN (' CNV2UTM HOOKED UP OK')
6100 { 2
6200 { .
6300 END; (or PROCEDURE ConvertToUTM}
6400 E
6500 END. (of MODULE Cnv2UTM} >-.



300 -C j-

4 C. C TYP E
5~00 A 3C 11A rr ARRAY 11..43 Or- CHAR;
600 Letter CHA
700 fC)1
300 VJAR

UTMCoordiriate .RELCORD

1 000 UTMZorieNuingbe r A AR RAY 11 ..21 uF I NTEGER;
1100 UTMZoreLetter *.Letter;
1200 U T ME a t iri iL et t er : L ett e r
13 00 UTMNorthiniALe~er : L e tte r;
1 400 UTMEas t, i ri:Munobe T, *ARRAY El.. 4) OF CHAR;
150o0 UTMNovthirINuliiber :.ARRAY1, .4) OF CHAR~
16 .0 END; fUT lC 3-

L 3 00C PG GNu r L i i ri zaCo o rd : INTEGER; xIN!
i1. ?00 PG E z:s t iri50u o rd : INTEGER; 1IN 1
20 C. PZoreLetten :Letter I IN)-

0 1^, PriZoreNurbe r : INTEGER; {I 14j
220 oFh ri d 11in ,e r :INTEGER; -1IN)-
2300 I Elettrf'tT, TF, PT ri 1INTEGER; (CLoc1}

M u7,b e r INTEGER;

-CF'O C ED1UR E Corve r ToUTM Re nrn rte Pul an Gid to Uiive rs.i 1
230fTr-ar-SVIEr'e Mercd Lor cormversiuri al rjthw dtesc rib. d ilI

i00 -C{ rc: AP Ph 3.2.36 or C010810OA dated 27,3 O:ubev 177S.

7) 1. -Z PROCEDURE CoryertToUTM is CALLed bj. PROCEDURE FolanruUTM
720 C PRO CE DU RE P c, I aT uU PS

~ CThis Procedure ASSUMES t!a certairi data ar a vailable a- 3
3600 { ecoui p:2d bv the al.-ori t;in but iiut isdecliate 'd destnrikb=d iii the
3 70C0 -C a 1 Ao rithno d esc Qr i Pt io ,

0)V -C This Procedure EIOESiIOT Perform data va i ~ciicki tha L ai',L-
* { rt ~eiied irt the al~orithi, rje Criptiuri. This is to aliuw 3 L

-. L. 31( helo rithm f'eatu res to be p rL-ieres mu ore cleav ~e

30 0 PROCEDURE Coriver tToUTM accepts al ani Ll rid rl rthirir aid e~~t i ri.3
1.400) 0 coordiriitus aid curiveru s then, Lo UTM c.u~
5 0 0 -2-

.4--00 J,
1700 PR 0C E DU RE C o iiv er tTo A SCII Numrb e r: '1- IT E GE R -C.±-;j:

4300 V~~~'AR Al;au SC ~ a

500% aC Carver t ari in, te~le r rlnmbcs' to i t,. A3C0 I1 rei- renert'it i oar iI, ba -e 1
5 100 .Th i s r- ,a e'i re rut deta i 1led ir, sou r( 1

0.JV 41R I: INTEGER;
Z400 ACAj* INTEGER;

' 70 '3R I I= DOWN TO 1 DO0

5 -7 dj i (N lmb er MOD 1 10~ + RDr, 0
*00 A I F hN u CI) I C H R Ad j

i) 1~0 ̂ ) umber := NJJLbe DIV 10

.0rN0



5S4;")0 END; (Cornvert.ToA;-C7iI>

0 05 LEGIN {CConvefrtToUTM)-

WR'CTELN ('FG Nos~rinl Cuod(inte-eer)

/ U READLN (F'GEasiirr.J;Couvd6)
o WRITELN I('PG Zone Letter (Letter) )

7-00 READLN (F'G7oreLtAtLer )

r:G o ne N ia e r n tLC..e r
790 ? EDL C OZog t:Nurziber

WRI 4TELN (' psh e ro iid N uiiibe r i irt e ie r))

~ C endof' incu 13-

3500 WITH UTilCoordin-ate DO
600~ BEGI

30 0{ Find EastinA Letter (A2) I-

I : = FGZurieNuiibe r MOD 3
0C EastinsA Letter Offs-et Factor 3

900) CAS4E I OF
91.003 0: ELetterOff'set :'24;
02 C. 1:' ELetter-0ff iet : 6;

~3002: ELetterOffset -~15

7.4UV END;

~60 0 Tel :=(FGEastins Coo rd - 5300000 )DIV 10-3000 + ELe ti-,r0F1' t

E'v - Fbi 1owirA letter con-Ver-sion' not £LCO niinY tu dJu-uITJm t3t i3n 3n

PO { F' C rucedure in document;ation fails at lt-smt -; A,~' HersIt:id. FRGu?

10000 -L which i-5 in 32U , arid th-is one succeeds at lea- I ti .

1C)2 C.0 IF Tel '-13 THEN Tel z. Tel%- + 2
103Z0 0 ELSE IF TA- : 13 THEN Tel :-= Tel -1

i4~ E-L 3E T e I~ TelI -- 2
1050.0 'Tel -Tel + ORD( 'A) I

1000 UTMEatirlLt ter :~Chr(' Tel )-CAZY; 1
1000 -C FindL N or thninr's- N umaib er

1070 IT NOT OZD ( P"ZoneNumber ) THEN
I1 ~,... 0 Gu r t h in AC oo rd- : FN o r th i nAC out r d + 5 0C00 0
Ii LO 0 T PriJ0o Lh i;iiCoo~ ud- MOD 2000000;
1to ml T,-% T.- 'Lit 1000-00 + ±;

73 { Mak!e Sp-hero id Adjustment 3-
1 100 CAS3E '--'r ie r o id Nujm be r O F

11 600 C C1 a k 1866 3-
1r1) : Tr' ( F'GoneNumrbe r-: 31) OR C FGZonL-Nuaibe v 58) THEN Ti 1-Tni + 1 0

1113)3 ELSE IF < FGZonieNuinL'e r.: 1) IND ( RGz~lek:Muin1L'e 1 7-7 {tj 0 'L 1 ,ou I-e
110 THEN Tnl Tnl -10;

12000 -C Iriterratiursai 3-
100 2: IF ,Pr3-oneNUMBE;R 46) AND F*,GZoii&'inbt:,r 52

1-420 0 THEN Tril := i I + iC;
12300 -r)
12 4 00 C 1i3 rk 113 80 0

1 14S C.0-3 Trl Tii+ 0

-C) r0t-



t -100 1 I F PGZjieN-iiie r 46 THEN Tn i Ti i + 13;
7200 C

I1 300 5 F -" GZorneNuiiberi2 AND ( PGZoii~LeL~K t 'eI:R THEN Ti -1TI

1320 C 3>

134 00 6~ 1F O DD ( PGZ o ieNu in Le r )TH EN Ti I T n 1
13500 ELSE Tri := Tiil + 55
l.. 1600 fC})
I , :;0 END; {ICISE OF SpheroidNumbepr}t
t 3300 K
139 0 0 I Calculate Final NorthinA LeLtef- :iid;-,

14000 KY3
141100 IF T rl *:-14 THEN Til :.= Tril + 2

1 -4 0 0 ELSE IF- Ti .: 9 THEN Tril :=Tril + I
141300 Til : = Tril + ORD( 'A - 1
1 41400 UTMNUT-tir-lnLe1,ter := CHR( Tril
I MSic0 " F .)f, IIa t 'r' O 1, 0 t Y1.
1 460 C oy. , t t T o ASC I I PG GNo r U i n gC oo rd MO0D 100000 U T IN u th i Nu aiL r

I70 Conve rtToAaC I I ( GEast i ii4uurd MOD 100003! UT~iEc t i r.Numbe
31.,1%00 UT147oneiNumbe r'~ l PO3-orseNumbe~r DIV 10;
490 UT'loiieNunileTrC2J : FZoneNumbe r MODi 10

i ;ooo !TMZoeLetter -F7 oreLetter

~~2$0 KRI TE OUTPUT
1 "300

1543 WRITELN
50 0 WLJI TELN

-3 , FOR I I TO 2 DO WRITELN ( UTlI ZuriL Nuribe I, 1 UTNMZonk-Numbt 1- I 3
i s-3 C%1- WRITELN 'UTM Zone Le~ter UMorLtK
1I - 73D0 W R IT ELN 14 UTM EastinA Letter ',UTMEasLirALeL~r)
i6.)0 0 WRITELN C UTMi Noi-thiiig Letter ' UTMNo rth i nLette T,
I1,-1i0C0 FOR I := 1 TO 4 DO BEGIN
16*200 WRITELN U UTM East ir~ Number 1 I,9UM~ i~ui' [t
16300 WRITELNC ' UTM Northiii Number 'Ply UT 11N o r t h Ii N UIIb C T' I I
16 4 00 END E

1 '.-600 -C END OF OUTPU T
t 7 0o 0 1

EA.0 END 21'j WITH UTM

LA 0 0 END. Krr'r~UM



PROCEDURE ConvertToUTM IS

TYPE ShortArray IS ARRAY(I..4) OF CHARACTER;

PGNorthingCoorU :INTEGER; -- IN
PGEastingCoord :INTEGER; -- IN
PGZoneLetter :CHARACTER; -- IN
PGZoneNumber :INTEGER; -- IN
SpheroidNumber :INTEGER; -- IN

UTMZoneNumber :ARRAY(1..2) OF INTEGER;
UTMZoneLetter :CHARACTER;
UTMEastingLetter :CHARACTER;
UTMNorthingLetter :CHARACTER;
UTMEastingNumber :ARRAY(I..4) OF CHARACTER;
UTMNorthingNumber :ARRAY(I..4) OF CHARACTER;

I, EletterOffset, Tel, Tp, tnl, ASCIIPos: INTEGER; -- Local

PROCEDURE ConvertToASCII( Number: in INTEGER;
AlphaNum: out ShortArray) IS

-- Convert an integer number to its ASCII representation in base 10
-- This procedure not detailed in source
BEGIN

FOR I in reverse I .. 4 LOOP

ASCIIPos := Number MOD 10 + CHARACTERPOS('0);
AlphaNum(i) := CHARACTER'VAL( ASCIIPos );
Number := Number / 10;

END LOOP;
END ConvertToASCII;
FUNCTION ODD( I: INTEGER ) return BOOLEAN is
BEGIN

IF I = ( 1/2 ) THEN return false;
Else return true;
END IF;

END ODD;
BEGIN

-- Find Easting Letter (A2)
I '= PGZoneNumber MOD 3;
-- Easting Letter Offet Factor

CASE I IS
WHEN 0:>ELetterOffet ::4;
WHEN l:>ELetterOffet ::6;

WHEN l=>ELetterOrset t15;
WHEN OTHERS => NULL;

END CASE;

Tel :(PGEastingCoord - 500000 105808 + ELetterOset;
IF Tel > 14 THEN Tel := Tel + 2;

ELSIF Tel > 9 THEN Tel := Tel + 1;

END IF;
Tel := Tel + CHARACTERIPOS('al) - 1;
UTMEastingLetter := CHRCTER'URL( Tel ); -- AZ

-Find Northing Number

IF NOT Odd( PGZoneNuMber ) THEN
PGNortnlingCoord :=PGNorthingCoord + 500000;

END IF;



Tp PGNortlingCoora MOD 2008000;
Tnl := Tp / 100000 + 1;
-- Make Spheroid Aajustment

CASE SpheroiaNumber IS
-- Clark 1866
WHEN 1:>IF PGGridzoneNum <31 OR PGZoneNumber> 58 THEN Tnl Tn1 + 10;

ELSIF PGZoneNumber > 51 AND PGZoneNumber < 59 -- typo in source
THEN Tnl := Tnl - 10;

END IF;
-- International
WHEN 2=>IF PGZoneNumber > 46 AND PGZoneNumber < 52 THEN Tnl Tnl + 10;

END IF;
-- Clark 1880
WHEN 3=>Tnl := Tnl + 10;
-- Everest
WHEN 4=>IF PGZoneNumber < 46 THEN Tnl := Tnl + 10; END IF;
-- Bessel
WHEN 5=>IF PGZoneNumber <52 AND PGZoneLetter <'R" THEN Tnl Tnl + 10;

END IF;
-- Australian
WHEN 6=>IF ODD( PGZoneNumber ) THEN Tnl Tnl + 15;

END IF;
WHEN OTHERS => NULL; -- Not in source

END CASE;

-- Calculate Final Northing Letter Index
If Tnl > 14 Then Tnl := Tnl + 2;

ELSIF Tnl > 9 THEN Tnl := Tnl + 1;
END IF;
Tn1 := Tnl + CHARACTER'POS('A') - 1;
UTMNorthingLetter := CHARACTERIVAL( Tnl );
-- format for output
ConvertToASCII( PGNorthingCoord MOD 100000, UTMNorthingNumber )
ConvertToASCII( PGEastingCoord MOD 180088 UTMEastingNumber );
UTMZoneNum(1) PGZoneNumber / 10;
UTMZoneNum(Z) PGZoneNumber MOD 10;
UTMZoneLetter PGZoneeLetter;

END ConvertToUTM;

s0-,
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200 PROGRAM DRVGZTB INFUTvOUTFUT )

40 -PROGRAM DRVGZTB p'roviiies .a test driver car-aii1 i t ; for teitsing 'r
1300 GridZoreGeiievationri -rocedures f'or TRAILB'LAZER,
600 -
700 T YPE
Soo t'esreesReal = Real')
900 ZorieRarnge = l..60,

1000 Letters = - .11
1100 VAR
1200 Lurigitude 11e 9r ee sR eal1
1300 L at it u de :resreesal;
1-400 GridZorieNunmber *ZorneRan~e;

1500 Gr id Z o FieL e tt er Letters;
1600 f
1700 PROCEDURE rTcGridzorieGerneration-
1300 ((COUT)- Loni~i tude De~veesReal;

190 OUT> Latitude DegreesReal;
2 0 00 -'IN >VAR GridZoreNurnber :ZuneRanr;&

210 IN >VAR GridZorieLettei' Letters)EXTERN;

2300 -{ PROCEDURE TEBGridZoreGereratiori models the T'rAILBLAZER coriversl.or3-
. 00 -I of' AeozI'aFhic coo~rdin~ates to Universal Transverse Mercator
'.500 f(UTM) courdiriates grid zurie designator' riutberletter.

2700 BE EG 1
2800 -C
2900 WRITELN (' ENTER Long~itude');
3000 READLN (Lornsitude
'3100 WRITELN (' ENTER Latitude');
3200 READLN (Latitude)
3300 TB~rid'iorieGerieration ( -(OUT)- Lor!AitudepLatitudep
3400 I idoiruibri'jree)
3500) WRITELN;
3 600 WR ITELN (G rid'doreNunbe r is * G r i tiZurieNujftb* r)
3700 WRITELN;
3800 WRITELN ('GridZorieLetLer is ',G,'idZuneLetter)
3900 {
4000 END. {C of' PROGRAM tIRVGZTB

3011



100 - }
200 MODULE TBGZt'G (INFUTPOUITPUT
300 -{
400 TYPE
500 DeresRdl RA
600 ZonwRaiime 1.160;
700 Letter- =

900 PROCEDURE TBGridZorawGvtwv.4cLlur,
1000 (-(IN > L'.awi iLu'je :t,*R
1100 (CIN 3- LaLitudt' : D. L-jI RW;I'
1200 {CI3IT} V AR G vi d Z u I I N.u IIuk er : * d!.$di
1300 -COUT)} VAR GriJZLmwl.LLvv : LuLl~vrt.;
1400 -C
1500 -C PROCEDURE TRGijZum.*Gt*_iw I'd LjuI mukik1- Litt: T RAI.FLLAZER ~i
1600 -C u i JaAIl, ~ ~ 'u 1~j 1 . :2 Lu Uiiiv~vv'.,sl Tisi,. :j,

1700 < (UTM) cuui-diiiiste - trin d euo 2J iti.Lu L~uii.'.
1800 {C
1900 < Documeritatjuri uiwd wi:t, Lit- GP2UM .~,r~~ J1U. 20 td'b
2000 T. imvui me % ui~u r TRAILBLAZER .m

2100 {Cj
2200 f PROCEDURE TBGrijZwjea',r.,~Liuts is .ic~s Lw:
2300 {PROGRAM EIRVSZTB
2400 -C
2500 -C PROCEDURE TRtGmji(ZuiLGmit.~~.i-rcLi'uiI P4;v. tou 2IIIL.f

2600 -C
2700 {C This procedure DOES NOT li~sa iacsJLc: vu] 3J UlLt LiIl Lk', 3
24800 {C Lhat jr_ iiuL 1:?x ivi Ll" i. iii tw Isl:iurij hn.
2900 {C description. Thib. i! Lu F1 luw Lite ;1iuL*L~,wut~UI Lt. bt 3

3100 -C
3200 TYPE
3300 Letters ''.''
3400 IdRdae1..24;
3500 -C
3600 VAR
3700 GridZoneLLLi,L ARRAyr1..24) OF LETTERS;
3800 G i~id?'uiso'Iidex :TmI.aRdm-ie;
3900 -C >
4000 BEGIN
4100 -C Initiali~e alluwable uloi-'mcLusi cirt
4200 -C
4300 GridZormvLLvLitL rl)
4400 GmviJZuia-L~i-Li.L 123 =,,
4500 G PidZorseL -L tL E 33).,,
4600 6 vi Zum-!L L rL i ,L E43 ,D
4700 GrjdZoneLLvLi.iA ro):=E
4800 t0nisZuiatL.tLvL 3L C63J ''
4900 GridZunwLLiLi.,t C73 0
5000 Gv dZusweLLvli-. 18 ')
5100 GridZosawLLr,'LL 173:=J)
5200 Ge ldZugiLL,Lia [101 ~ ;Y
5300 GridZurovLLw'LiL [113
5400 Grijd7misuLLrL i.,L 1123 -- 1'
5500 GridZufowLLvLi-,L E133 1'1
5600 Gs'iklZuiswLL vLi,L C 14
5700 GridZonwLLrLitt [303
5800 Gr idZuotwL LvI.i,L E 16 3)''
5900 Oriu'ZuieeLLrLi-,L rm71S,
6000 OviiZoss-LL li. L C18 *S)'
6100 GridZurtwLtrList [193 )Il
6200 GviJZuiwLL-LjL 1203 :I,
6300 GridZuiowLLLlit.l. 1213=,;

30 ,Zcp



6400 G viiZuooL-Lt r iA L 22] x
6500 Gi'idZuneLLP~LitA, 1273
6600 GvlidluiielLrL 1' %,; [143 :-I
6700 -{
6800 G i, i ~dZs o.M N,jw?~ v TRUJJ 3 0 u~ r~t~A.
6900 GridZoneliidw :- TRURC 1.+L~U..i/.)
7000 GvIiliZumteL.?L L Or LidZ'J1114 L~i vl-. L I 3ridZur.'d I.t
7100 -C
7200 END; -{ i., PROCEDUIRE T'uZ~~.i-~ir
7300 -C
7400 END. (C uP M4ODUL.E -jROZTB



100 {C
2-00 FROGR A ii RVG7.MG ( I NPUT POUTFLJT )
300 {
400 -{ PROGR A Ho iDRVGZMG i V rv idte . o~ i. . dri Vw 1, L' vr- i it.. ru .I iI

500 {C G'j~ukjLhgi i.~ii L~u,~u iAOIT C.
600 fC
700 TY PE
Boo R a J1dssI t F lL
900 7,- 2 ~ 1. 6 0;

1000 Letters
1100 VAR
1200 L o n~*i L u :j R ~ii t
1300 L aL iL u de :,- Rdii. I I s
1400 Gr id .Z ui I I-N u inL, I -c ~u I gt.-R ci i!
1500 1: eL !I LU LLL t I

1600 {
1700 PRO CEDURE MG13I jJu'ii uII eIIL 1'.. GiFI
1S00 ((OUT)r L o Ii~.i. L hdv

1900 (COUT). L -iL i L ud i : RdIILijiis;
24000 -CIN I VAR Grji d~uoiJNugsaiL-r * totRciie
21100 -CIN I- V (IR G I ,* Z ii ZJtL 1 L L e * L,.?L L,- 1- 4 ;X T RN;
24200 f

2300 ' PROCEDULRE 4 I td ZII,i 3G!I I.' L, WIl III U k; .!, L iI 9 I A4-3 11C cUIvt ui V j- ,

2400 - C 0 ge IdlI I V L L-Ll Idi I; it t:t L u Uti vI rI- I T 1 -,511,,vl te I : i i, I.-* ("' I f'

2.500 { U TM c ii)L:lk;I-.1i a L L I ~ 1 J I ) uIi JI L! d! I. I j I) I ii.t!I I ! L ;e T

2700 BEGIN
2300 ( }
2-900 WRITELN ( 'E N TE7R LuiI.)I i L u do
3000 R EA ILN ( 1.u jI L u' )
3100 W R IT 7:LN H EIN T ER L jL iL u I I
3 2 00 READLN (Ldt~lL );
3300 116-i.CuiGi, .±u (7UTr Luji4L~uJUL.jLi Lj~e
3400(I iJ.iNuas i e

4

3500 WR ITFLN;
3600 WR ITELN Gr A*, d ui itWumnL-r C I 1 L- I I ut:4 .11 t. . Inbt

3700 WRTTELN;
3-800 WRITELN Svlid;'uiiwLt L~vr J,, r~o.'k.ZuiIwl-tLLuv
3900 ( f

4000 END. t ul' PROGRAM rIRVGZMG 1



100 K
2.00 MODULE MGGZDG ( INPUTOUTPUT
300 { }
4(;0 TYPE
500 Radians = REAL;
600 Zon eRa nge = 1..60;
700 Letters = 'A'.. ;
303 {
100 PROCEDURE MGG ridZoneGene rat ion
1000 ({LN I Longitude : Radians;
1100 -IN > Latitude : Radians;
1200 {OUT}" VAR GridZoneNumber : ZoreRarise;
1300 <OUT> VAR GridZoneLetter : Letters);
1400 {C
1500 { PROCEDURE V'GGridZoneGeeratior models the MAGIIC co,,version >
1600 { of geojraphic coordinates to Universal Traiisverse Mercator }
1700 { (UTM) coordinates - grid zone desigiato r number & letter. }
i300
1 '00 Documentation used was source code listings f rom the MAGIIC }
2000 { docuilelt CGIO3100A dtd. 23 Oct 1976,ar.3.2.90, pg.167.

2200 { PROCEDURE 4GGr 'iJZureGeneratiort is rerererc-.d bz:s
2300 { PROGRAM DRVGZMG
2400 {
2500 { F'ROCEDURE MGGridZoneGeneration makes no references. }
2600 {
2750 { This procedure DOES NOT Perform ai, data val idi t check s
26800 { that are nut exPlicitl'j specified in tie al orithm
2?00 description. This is to allow the alAorithm features to be
3000 { rer-rese,,ted more clearlv.
_100 {
3200 CONST
3300 Pi = 3.1415926;
3400 {
3500 TYPE
3600 Inde;xRane = 1..26
3700

3800 VAR
3700 G r idZo eln de : -.Inde;Range;
4000 {
1100 BEGIN
4200 {C }

4300 { Calculate the -rid zone number
4400 {
4500 C STATED LONGITUDE RANGE IS -lSa.::-LONGITUDE<-l60 IN DEGREES
4600 {
4700 GridZuraeNumber = TRUNC(((10.0/Pi)*Lonsitude+10.0)/6.0)+1I
4800 { C

4900 { NO compensation fur wrep around uf grid zo,,e numbers }
5000 {
5100 { Determine the grid zone letter 4

5200 {
5300 { Since ,,o details are Provided in the referenced documentation
5400 C it is ASSUMED that we know how to assisn A or B fur latitudes }
5500 C eaiual to o, over 84 desrees North anid Y ,jr Z fur latitudes
5600 { e ual to or over 80 degrees Suuth,
5700 {
5800 C TRUNCATION to integer is ASSUMED since it is necessar- at thi.}
5700 { Point in order to u.-e the GridZoneIrdex as a Puinter.

j 6000 f }

6100 C STATED LATITUDE RANGE I o80-6=LATITUDE. -84 IN DEGREES 2



o4vv X

6 63 00 Grid~oiaeiridext TRUNC ((16O.O/Pi )*L at itude+30 .0) /63.0)

6 400 {C
* ~ 6, C.JV 0 LcmuIrJe hil'rdrifle biri zone IeLters

6 70 0 IF Grid~orieIride . 5
6300 THEN GridZoneLetter := CHR(GridZorielride;x + ORD( 'C';
5900 {Here we hiaidl e 'We ' i' which is nut used

7100 ±F ( GridZoreInde.x- 6 )AND
7200 ( OridZorielnde;.= 10
7300 THEN GridZorieLetter '=CHR(GnidZoiielnex + ORD('C')+1);
7400 {C
7-500 CHere we handle the '0' which is riot used J

7 700 IF CGridZoneIridex 11 A AND
7600 (GridZonelnde..K 19
7900 THEN GridZonieLetter := CHR(GririZoiieendex + ORD('CM)+2);
3000 {1
6100 CThe reit of' the GridZoneIridex are biased off bj ORE ('C') 3
6S200 C 3
3300 IF GridZorielndex -.19
6400 THEN GridZorneLetter *= CHR(GidZonelndex)0
3500 C
3600 CAssisri Y or Z to the North Pola r Zone acco rdiri9 asi Wes terrtn
3 7 00 -C or Easteir Hernisr-here' resF-ective1,.
8800 -C
31700 IF Ldtitude*(130.0/Pi) 6:- 4.0
9( 900D THEN IF Lori~itujde*(160.0/Pi) 0 0.0
9100 THEN GridZoneLetter 'Y'
9200 ELSE GridZoneLetter 'Z'
9300 C
9400 CAssigrn A or B to the South Polar Zone accor-11ril as Western
'?500 -C or Easter-n Hernisr-herep resr-ectiveli. 2
9600 -C
9700 IF -atitude*(1S0.0/Fi) .'=-60.0
9300 THEN IF Lon~itude*(1S0.0/Pi) K0.0
9900 THEN GridZonieLetter 'A'

10000 ELSE GridZoneLetter ='B';

10100 C
10200 CNO correction for the four i rre :ular zones-
10300 32XY34XY and 36X do riot exist
10400 -C 31V is truncated 2
10500 -C
10600 END; -C of PROCEDURE MGGriDoneGereratior,2

* 103700 C
10600 END. {C or MODULE MGGZDG 2



100 {
200 PROGRAM DRVGZBT ( INFUTPOUTPUT 7

400 {" PROGRAM EIRVGZBT Provides a test driver craii for tL-tinA '-
500 KGrid-LorseGenjeraLiori P'rocedJures for BETA.
6 00 K 4

70 0 TYPE
6 00 Ra d ia ns REAL;
700 ZorieRange 1 60~o

10 00C Letters A'. ~Z
1100 1)A R
112 00 Lunri tude :Radians;
1300 Latitude :Radians;
1400 G ridZoneNumble r ZorteRan~e
1500 GridZor-Lttter :Letters;
1600 Cente rMe r idian Rad iars
1700 4

1600O PROCEDURE BTGridZoneGeriera Lion
1900 ({OUT}- Long itude : Rad iaris
2000 -{O0U T}) Latitude : Rad i ars
.100 fIN )- VAR GridZoneNu-nsber :ZoneRarige

2 20 '0 -[IN I- VAR GridZoneLettwr : Letters;
230 0 {CIN 1, VAR CenterMeridiart Radiais)EXTERN;
2-00 moel th EHcneso

2500 KPROCEDURE BTGridZorieGereTaticor mdl h EAcneso
2600 -C or geographic coordinates to Universal Tirarnsve rse Me rca to r
2;700 K(UTH) coordinates, grid zone desigitatur riuniLelte ante
2800 O central meridian or the rectang~le.
2 7 00 {C
'7300 BEG 1N
3100 x
32310 WR ITELN ('ENTER Long itude.
~30 0 READLN (Longi tude

3400 WRITELN (' ENTER Latitude');
3500 READLN (Latitude );
3600 BTGridZoneGerseration ( {COUT}- LorigituderLatitadeT

38000 Cen Le& rI'e r id i ri
7,90 0 WRITELN;
40 00 WRI1TELN ( 6ridoieNunibeyr is ' G r i doneNunte r
4100 WRITELN;
42-00 WRITELN ( GnidZoneLetter ii 'pGi'id-LoreLetter )
4300 WRITELN;
4400 WRITELN ('CenterMeridian is Y ,Cernte rMe ,i d ian
4500
4600 END. Kof PROGRAM DRVGZBT D.



100 C
200 MODULE BTGZDG (INFUTOLITPLIT )
300 -C
400 TYPE
500 Radiaw. REAL;
600 Z-jse-Rsate 1 ..60;
700 L~eter

900 PROCEDURE BT~i'jZuigL-Gtiw ri- Li'ur,
1000 (1IN Luwj~i Lude : RsJl.Is;
1100 (CIN > LaLiLtuijL : o!";'
1200 {COUT}- VAR 35' i'JZutsNssmLer ZuasuR.is e
1300 -(OUT)- VAR G ri1iJZuigwLt Lti' r LL .i-:r.
1400 -(DUITY VAR Cum L .- ritv r idi art Rs d :i v41)
1500 {C
1600 -{ PROCEDURE BT~r~i'i~us ~Ljg su~1~Lhi RETA s.io

1700 -C of geugi'di,-hic Lslrdjiiic;Lujb Lu UX ~~TII~V~ 't C~~

1800 -{ (UTH) u'javdsji.s w - %Aeid 4ussu ii j'..~rgsjLur wiu'Juu p 1,- LL:.!i g i,
1900 -C the cenrd~l tamtvidiaii.X
2000 {C
2100 -C DocumenLatluii use~d w.c,. tuuvtL* LLJ'i 1 iL s~Prui Lim RET1

2200 { 'us.isuisL 8-022-43 dLd. 16 OL'L 1981,.7;; * ,.-i*2-7 ui Lhe 1
2300 {ADSCNU sutip u i~ii :ssid -4*240P i-o Lite ALI3CCiN ,uL~ u c

2400 {
21500 {PROCEDURE BTG riJZuseGL-iit-v Liai P b:r~~~JLu *

2600 {C PROGRAM tiRVr3ZBT J
2700 3
2800 {PROCEDURE ,T3ris~gg i~!1 Lu;U~k3~fu

2900 {
3000 fC This D o: d~2tOES NOT ;,e-e v Pu siv 6sss 3L-)u~ vsti-idLL- LA~el-s~k I
3100 {C that are sioL exPli jL Ll P! ~ iii livt .:3 tiu ri %,lin >
3200 -C Is . s Thi i 1-j Lo 'ill-uw LhL, ijl iuvi Uhiii ssL Luj Le I
3300 {C represented sIsuIe scsh,2
3400 {
3500 -{ Since tUsw iia~luded 'ZPBPRO. COM' ii, iiuL .:vc;i ,l.:l-U lt u.c;L 3-
3600 -C Lhij Luau we w -usu'jisis;' P.61,i si i Litt!u s:: FORTRAiN I
3700 {C code.
3800 {
3900 CONST
4000 Pi =3.141n^726;

4100 -

4200 TYPE
4300 Lettevs
4400 IvideyRaige I
4500 -C2
4600 VAR
4700 GritJZoiieLLrL!i.-L :ARRAYEI,..24] OF LETTERS;
4800 GiJusrsd; sd;~~a~
4900 {2
5000 BEGIN
5100 < Initialize a11ow;L1ew uhac:u:Le~i,*s*s rra
S200 ( J

5300 G riidZoneL Li t rj)A
5400 0 v i Zusji o. L rL j L £23 B
5500 GridZurmwL LrList E3) :=' C' ;
5600 3s'iZuseLLsrLL-L £43 -ID
5700 Gri'iZorsLLrL i.tL £571)
5800 Gr iJZjmuL L rLi,.L £6)
5900 GridZurswLLrLi .L £7) =,,
6000 G visJZuiiggiL L.L 18) ''
6100 GridZonvsLLisLiA, t9 13 j
6200 Go- idZjsgL1, v..i A -iO)10
6300 0 ri dZoisswL L L i tL 111:=I



6500 G r idZoreL L rL i L C 13)3:
6600 G vidJZui iL-[L L i .L r 14)
6700 G r idZurieL L v i.*L C 1 '3 :
6800 G ridZurowl-L riPL 1'16) '
6900 G r idZitL-L L iI L (271 :=S
7000 G v i dZusiL L ( C18) 3* IT';
7100 GridZcunwLLvLLst [19)
7200 G vi -JZui mLt rLi, L.L 203 :-I'V,
7300 6 r idZunwL L rL1 £C2'I1)=,,
7400 GiivZji -wmLL L i LL C22) : -'x'
7500 Gi'idZunriLLrLi,.L (23)
7600 6 ri~lZjm!L L ji. L (24) I
7700 {C
7800 {Cd1~ulaL? Lhus 'Jrid zurw igber
7900 f

8000 0,-i .!Zj.&4JsuL'be-RfJ ((80 *0P ).uri~
8100 +10'600.0)) DIxV 600;
8200 {C
8300 -C Comr-ersatv u r wrcio- arutind ur -lf11L UIffk'UUL~ ~
8400 {C
8500 IF GridZuteNunbier -60
8600 THEN rGe jdZoi,?MjsiLti GviJZuu,.-Nuj.vU--60;
8700 IF GridZutieNunube <. 1
8800 THENM Gr6!ZuiwiN'jiuLei GvljiZuiiNuuL-t_ e+60
8900 f}
9000 C BLAL ie ii-io Lhot 1, id zom lt.? LLer-
9100 f }

9300 {C
9400 -C Tt- L 'ie .iwl l'jck uuL Nu'.ik~ Pl.jcv ZuJIIs
9500 -C
9600 IF Gvi.JZuiouIisdipx >22
9700
9800 THEN G1ridZt'll.IigJwX :*# 22;?
9900 -C

1000 C NOTE thaL lU t.ULh tL'bL it, 1ee-VOW1. PL1r 1A SUUth F\'bse- 7usu
10100 < bec8'jst- Uite slljrlav luitell; w4j.:;i :1voe *s 80 Slisuth
10200 }
10300G jZjsAt ;-iduL i. G ijusIJ)
10400 U
10500 -C Cu.' eucs l'ov Lht! tuu ii v v 1av 4wiet

10600 -C 32XP34X, aid 36X duii. uL v~e.tA.
10700 fC 3tV i'i Li-wivaLed
10800 -C

11000 -(
11100 IF (GrjdZoe'iT.ju - 20) ANDr
11200 ( (Gvid~Zuii&HNuev- -32 ) AND
11300 (Lom.. iLude ,- 3,0*%Pi/180.0)))
11400 THEN GvijZunR~.usvl~vv'. 32;,
11500 <
11600 < Corriect fcur !aid -:uiovs 32Xv,34Xcv I 36X X
11700 C
11800 IF (GriJZurielt.'iu 4-22) AND
11900 (0r'JZussNuwbtze'-32
12000 THEN IF Lui#!i'Lvat'- 9.0*(Pi/180.0)
12100 THEN Ov,71 .w,.uNuuLe * 33
12200 ELSE G.h dZ *.t.Numb 73 1;
12300
12400
12500 IF (GerajZuiItedtv - 22) AND

12600 (vd~iwl~ss 4
3 c.) -~



12700 THEN IF Lun~itudw 21.04*(PI/180.0)

12900 THEN GlridZrL&.W4ofLmr 3
13000 ELSE 73 g~j~~uuur: 33;,
13100 - f

13200 IF -G'dts'1.J22 ) AND

13300 (GrijZune4uaLiwr - 36)I
13400 THEM IF LopveiLjl: '- 33*0:*(Pi/t80.0)
13500 THEN GrijZ-uiLNuudst.r 37

13800
13700 -C

14000 Lad -{ or PRO)CEDURE.~~ EIin~,~~ir
14100 {C
14200 END. {C *P~ MODULE BTGZDG



100 -C
200 PROGRAM DRVGZGR (INF'LITOUTF'UT )
300 'C.1
400 -C PROGRAM DRVSZGR P-ruvit-te,.: Lv.tA, 'ai vvr uavu~llij i s i~ur L jiiL.'1i I
z00 -C vvri'~iw3~ir . i -Iut:tduu, u'.. u GUARDRAIL. i
700 '
800 TYPE
900 Dearee.Recs1 Ru=

1000 D*ie'. I i iLuAe r INTEC3ER;
1100 ZorieRarige 1*60
1200 Let Lers - ' .

1300 VAR
1400 LongitudJe 1 D:abR.1;
1500 LdLi Ltde :D~a L- ruet e
1600 G rid Z a i e 1u iL. e~ p ZuiteRisiiiu;
1700 G v i u Zu ii L eL ,e r :-. 0,eI
1750 c en L e rgem i' j i i d L--:rtvt .iiLL -

1900 PROCEDURE GRGvijJZuiiwGLis. I.j1J L11-1

2000 <((OUT> LIutIi i ude ; DJ v u-Rsj1 ;
2100 (COUT> La Li LuJv : ri'I - vR v 1
2200 (CIN }VAR Gr isjZuii NuBber Z.si tR, vw
2300 (CIN }VAR Gv1,dZueiiL LLt! : L VLl.(-, ;
2400 fCI N J V AR CmiiLsvl r j. 11 an :,- I' ~i L~P lej r 7XTFFN
2500 '
2603 -C PROCEDURE GRG i LZui,~ust! r-it-isL uii iauul . L~iw (3IJA^RELRAI JIVI V LU

* ~2604 -C Or heOglral-Ilit;L UU1riAoi,. Lu UiiivcIi-,oiTIg.e-, M'rL u
* 2606 'C ( UTM ) %c uurd iii i~ -Iv,'ie e*wJ m-j Lhd ' .- isL '.m' ; ,1 11~

2608 <C cenrtral mUr'iar LhIteI..Iil*
2900 '
3200 BEGIN
3300 -C
3400 IJRITELM (I' ENTERLui ijk
3500 READLN LuiWLude )

* 3600 WRITELH (I ENTER LiLitud'u');
3700 READLN (La Lltud* );
3800 GR3'dij,3C,~,jjs OUT> Lu,,i.i Lu'iuqL.sLiLumieq
3900 'IN 'r '~g~gja'.i i*

4000 WRITELN;
4100 WRITELN ('G rjcduIeNumbei- 1 , y r5 r.1 iLI~iI~~~ r )I
4200 WRITELN;
4300 WRITELN S s' Gid Zsm,-LeL Lv r i rjd v i"(wtelL-1 Lt: s
4400 WRITELN;
4500 WRI TELN ( Cutitw 'it. jViedl,mI i, t CLIIo LL' 1-I dI I'l
4550 Cj.
4600 END. -C of' PROGRAM IIRVGZGR>



100
200 MODULE GRGZDG ( INPUTPOUTPLIT );v
300 (
400 TYPE
500 De~reesReal RE,%L;
600 D:i Ii -~~er INTEG3ER;
700 ZoreRange = ..60;
Bo0 LeL.Lers -''.''

900 {C
1000 PROCEDURE G~j~,Gi: dL~

1200 (CIN ) 1-,i Ludre :j v~:1 r uR lej 1;
1300 (COUT> VAR ri d Z i e 1u isiLt* i Z tji i vR i i ii v
1400 (OUJTI VA~R r 1jZui ieLti 4Le r L .-L1,
1500 (COUT)- VAR Cvi iLe illr i Jj : DL'iIiLi~g

1600 {C
1700 -C PROCEDURE GRGiid7.wsm-Gvngi- g..Lim metdt-1t, Lim: (3UARDRA'IL LLUiiVt: I' *LIH)-

1800 ( C ti i' e i ai hic '.u .id ' 4.uq Uti. .v !-s N-.Te i.V. I, V~rt. .s Lur
1900 - ( (UTII) coo rdifiaLet, - !j Vid 4LSIIC uLeii ~Ia. Lu r HI.Iiut.- r ; IL-L Ls- r r a.jid
2000 {C 1he .. .1n tir,}

2100 -C
2200 -{ PROCEDURE (3R6 rj7-u.tGu~io,.s g'4 Ui mIatai~ L'v:
2300 {C PROGRAI4 DRVG'iGRr
2400 { )
2500 -C PROCEDURE GRGvijdZu.wGiat Iu~iuI mIIskLt, iiu I ?IIL'~

2600 { 2
2700 {C This i-roceduve DOES NO0T iersurm tsi .uaa.o vaia j'iLt. L1IttLk ,
2800 T Lhj jv. r~Iu L. ii L L1~ ~s .dit tho .31 4urlm J
2900 -{ descrir- Liu r. Tha A' s j Lu c; I I uw Litw ;liiur I Lhjuu j~f: j uI.:!, 'I. 1i' 1t
3000 ( aM~ '~C.L'i~ ur i ti alvs aI * 2
3100 { 2
34-00 TYPE
3300 Lettevs A.
3400 IiidaexRaige .2- 1
3500 -C2
3600 VAR
3700 GridZosoeLLvLi.t :ARRAYE1,.2411 OF LETrTERS;
3800(3rduaIa'e<:IahRss;
3900 t

4000 BFGIN
4100 -C Initialize is]1Owacle icI(,~~d~&

4200 - 2-

4300 GridZw.neLLi-LibL Ci):=A'
4400 13. dZoa,.3LLv1-. L C23 :-Is,';
4500 Grid'LuneLtrLi.t r3) -,,
4600 GviJZuiwa-LLi-L1,L r 43 :-'D' ;
4700 GridZoroeLtLi .. L r53: E'
4800 GvidZui-o,3t..LrLkv.i;, [63-F;
4900 GridZurmeLLi-Li,.L 17) Zr,
5000 GridZuiv-.La'Li-.L C83:-H'
5100 G,'jdZoiaeLLvLit.L C91 =j
5200 0 v d uiwL L rLj',L; E103 .- 1<
5300 Gi'idZoieLLvL1%,L r13li=)'
5400 Gri-.IZuo.a.LL L r.12 -ii'
5500 GiJdZuaaeLLrLit.L [131
5600 0 vjisl~wiwL. L vL L'L 1143 : -,P1
5700 G r idZun&L LrL i -- I ZQ
5800 0 vi JZm wa. L rL i a [163 -R
5900 G ri dZuri&L L i i. L E173 =S
6000 r i JZtjiit?L , v1.i i8 L 1 3-T
6100 G ri dZus eL trLi tiL rl93
6200 fl'iJZm.s*I..Lg'L1.,L [203 '~

6300 SriiZutrLLv1.itL C213.0 :=W



64 0 iC% Z.uJ*C.... .A> t...L. L 1 3

6500 GridZuneLtrLi%.t 1233 :=Y
6600 GrjsjZuiteLLH.i r243 ),,
6700
6800 0 r j d7joit.'NuuL't r : TR'%UiC (1*0 (Lu, i.juo
6900 GridZoi'iwIwiJe. TRUNC 1.+L iIJii.0)
7000' * 6i j ZuisiL.u LL,- G L .itZutil-L li- L[-r3 ri'Z~ i!mk
7100 CeriLerNwiidiiii : 6*G iji-,ui-.Hm e -
7200 -C
7300 END; ut PROCEDURE GRiil~i,-L-tiL'L1
7400 -c
7500 END. {of MODULE GRGZDG

3c~-3/
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